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TARGET-DEPENDENT REACTIONS USING STRUCTURE-BRIDGING 

OLIGONUCLEOTIDES 



FIELD OF THE INVENTION 

The present invention relates to methods and compositions for analyzing 
nucleic acids, and in particular, methods and compositions for detection and 
characterization of nucleic acid sequences and sequence changes. 

BACKGROUND OF THE INVENTION 

The detection and characterization of specific nucleic acid sequences and 
sequence changes have been utilized to detect the presence of viral or bacterial 
nucleic acid sequences indicative of an infection, the presence of variants or alleles 
of mammalian genes associated with disease and cancers, and the identification of 
the source of nucleic acids found in forensic samples, as well as in paternity 
determinations. As nucleic acid sequence data for genes from humans and 
pathogenic organisms accumulates, the demand for fast, cost-effective, and ; 
•easy-to-use tests for as yet unknown, as well as known, mutations within specific 
sequencesis-rapidly/increasing;\r ma ^^'-m ; b ■>..;' l-.h: i-j^.; • y 
/ , j ;-A handful of methods have been devised to scan nucleic acid segments for 
mutations. One option is to determine the entire gene sequence of each test sample 
(e.g., a clinical sample suspected of containing bacterial strain). For sequences 
under approximately 600 nucleotides, this may be accomplished using amplified 
material (e.g., PCR reaction products). This avoids the time and expense associated 
with cloning the segment of interest. However, specialized equipment and highly 
trained personnel are required for DNA sequencing, and the method is too 
labor-intense and expensive to be practical and effective in the clinical setting. 

In view of the difficulties associated with sequencing, a given segment of 
nucleic acid may be characterized on several other levels. At the lowest resolution, 
the size of the molecule can be determined by electrophoresis by comparison to a 
known standard run on the same gel. A more detailed picture of the molecule may 
be achieved by cleavage with combinations of restriction enzymes prior to 
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electrophoresis, to allow construction of an ordered map. The presence of specific 
sequences within the fragment can be detected by hybridization of a labeled probe, 
or, as noted above, the precise nucleotide sequence can be determined by partial 
chemical degradation or by primer extension in the presence of chain-terminating 

5 nucleotide analogs. 

For detection of single-base differences between like sequences (e.g., the 
wild type and a mutant form of a gene), the requirements of the analysis are often 
at the highest level of resolution. For cases in which the position of the nucleotide 
in question is known in advance, several methods have been developed for 

10 examining single base changes without direct sequencing. For example, if a 

mutation of interest happens to fall within a restriction recognition sequence, a 
change in the pattern of digestion can be used as a diagnostic tool (e.g., restriction 
fragment length polymorphism [RFLP] analysis). In this way, single point 
mutations can be detected by the creation or destruction of RFLPs. 

15 Single-base mutations have also been identified by cleavage of RNA-RNA 

or RNA-DNA heteroduplexes using RNaseA (Myers et al, Science 230:1242^ x 
[1985] and Winter et a/., Proc. Natl. Acad. Sci. USA 82:7575 [1985]). Mutations 
are detected and localized by the presence and size of the RNA^ fragments >r.w>&. 
generated by cleavage at the mismatches. Single nucleotide mismatches in DNA 

20 heteroduplexes are also recognized and cleaved by some chemicals, providing an 

alternative strategy to detect single base substitutions, generically named the 
"Mismatch Chemical Cleavage" (MCC) (Gogos et aL 9 Nucl. Acids Res., 
18:6807-6817 [1990]). However, this method requires the use of osmium tetroxide 
and piperidine, two highly noxious chemicals which are not suited for use in a 

25 clinical laboratory. Enzymes such as the bacteriophage /T4 endonuclease VII have 

been used in "Enzymatic Mismatch Cleavage: (EMC) (Youil, et al, Genomics, 
32:431 [1996]). However, all of the mismatch cleavage methods lack sensitivity to 
some mismatch pairs, and all are prone to background cleavage at sites removed 
from the mismatch. Furthermore, the generation of purified fragments to be used 

30 in heteroduplex formation is both labor intensive and time consuming. 
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RFLP analysis suffers from low sensitivity and requires a large amount of 
sample. When RFLP analysis is used for the detection of pqyit mutations, it is, by 
its nature, limited to the detection of only those single base changes which fall 
within a restriction sequence of a known restriction endonuclease. Moreover, the 
5 majority of the available enzymes have 4 to 6 base-pair recognition sequences, and 

cleave too frequently for many large-scale DNA manipulations (Eckstein and Lilley 
(eds.), Nucleic Acids and Molecular Biology, vol 2, Springer- Verlag, Heidelberg 
[1988]). Thus, it is applicable only in a small fraction of cases, as most mutations 
do not fall within such sites. 
10 A handful of rare-cutting restriction enzymes with 8 base-pair specificities 

have been isolated and these are widely used in genetic mapping, but these 
enzymes are few in number, are limited to the recognition of G+C-rich sequences, 
and cleave at sites that tend to be highly clustered (Barlow and Lehrach, Trends 
Genet, 3:167 [1987]). Recently, endonucleases encoded by group I introns have 
15 been discovered that might have greater than 12 base-pair specificity (Perlman and 

Butowi Science 246:1106 [1989]) j but again, these are few in number. 
; ; ■ ; ; If the change is not in a restriction enzyme recognition sequence, then 
f-«*i allele-specific oligonucleotides (ASOs),: can be designed to hybridize in proximity 
to the unknown nucleotide, such, that a primer extension or ligation event can be 
20 used as the indicator of a match or a mis-match. Hybridization with radioactively 

labeled ASOs also has been applied to the detection of specific point mutations 
(Conner, Proc. Natl. Acad. Sci., 80:278 [1983]). The method is based on the 
differences in the melting temperature of short DNA fragments differing by a 
single nucleotide (Wallace et a/., Nucl. Acids Res., 6:3543 [1979]). Similarly, 
25 hybridization with large arrays of short oligonucleotides is now used as a method 

for DNA sequencing (Bains and Smith, J. Theor. Biol., 135:303 [1988]) (Drmanac 
et al, Genomics 4:114 [1989]). To perform either method it is necessary to work 
under conditions in which the formation of mismatched duplexes is eliminated or 
reduced while perfect duplexes still remain stable. Such conditions are termed 
30 "high stringency" conditions. The stringency of hybridization conditions can be 

altered in a number of ways known in the art. In general, changes in conditions 



-3- 



WO 98/50403 PCT/US98/03 1 94 

that enhance the formation of nucleic acid duplexes, such as increases in the 
concentration of salt, or reduction in the temperature of the solution, are considered 
to reduce the stringency of the hybridization conditions. Conversely, reduction of 
salt and elevation of temperature are considered to increase the stringency of the 

5 conditions. Because it is easy to change and control, variation of the temperature is 

commonly used to control the stringency of nucleic acid hybridization reactions. 

Discrimination of hybridization based solely on the presence of a mismatch 
imposes a limit on probe length because effect of a single mismatch on the stability 
of a duplex is smaller for longer duplexes. For oligonucleotides designed to detect 

10 mutations in genomes of high complexity, such as human DNA, it has been shown 

that the optimal length for hybridization is between 16 and 22 nucleotides, and the 
temperature window within which the hybridization stringency will allow single 
base discrimination can be as large as 10°C (Wallace [1979], supra). Usually, 
however, it is much narrower, and for some mismatches, such as G-T, it may be as 

15 small as 1 to 2°C. These windows may be even smaller if any other reaction 

conditions, such as temperature, pH, concentration of salt and the presence of 
destabilizing agents (e.g., urea, formamide, dimethylsulfoxide) alter the stringency. 
Thus, for successful detection of mutations using such high stringency hybridization 
methods, a tight control of all parameters affecting duplex stability is critical. 

20 'byi " - In addition to the degree of homology between the oligonucleotide probe 
and the target nucleic acid, efficiency of hybridization also depends on the 
secondary structure of the target molecule. Indeed, if the region of the target 
molecule that is complementary to the probe is involved in the formation of 
intramolecular structures with other regions of the target, this will reduce the 

25 binding efficiency of the probe. Interference with hybridization by such secondary 

structure is another reason why high stringency conditions are so important for 
sequence analysis by hybridization. High stringency conditions reduce the 
probability of secondary structure formation (Gamper et a/., J. Mol. Biol., 197:349 
[1987]). Another way to of reducing the probability of secondary structure 

30 formation is to decrease the length of target molecules, so that fewer intrastrand 

interactions can occur. This can be done by a number of methods, including 
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enzymatic, chemical or thermal cleavage or degradation. Currently, it is standard 
practice to perform such a step in commonly used methods of sequence analysis by 
hybridization to fragment the target nucleic acid into short oligonucleotides (Fodor 
et a/., Nature 364:555 [1993]). 



ASOs have also been adapted to the PCR method. In this, or in any primer 
extension-based assay, the nucleotide to be investigated is positioned opposite the 
3' end of a primer oligonucleotide. If the bases are complementary, then a DNA 
polymerase can extend the primer with ease; if the bases are mismatched, the 
extension may be blocked. Blocking of PCR by this method has had some degree 
of success, but not all mismatches are able to block extension. In fact, a T" 
residue on the 3' end of a primer can be extended with reasonable efficiency when 
mis-paired with any of the non-complementary nucleotide when Taq DNA 
polymerase, a common PCR enzyme, is used (Kwok, et aL 9 Nucl. Acids. Res, 
18:999' [1990]). Further, if any of the enzymes having 3 '-5' exonuclease 
"proofreading" activity (e.g., Vent DNA polymerase, New England Biolabs, - 
Beverly MA) are used,; the mismatch is first removed, then filled in with a matched 
. nucleotide before further extension. < This dramatically limits the, scope of < ; ; * 
application of PCR in this, type of direct mutation identification. , , , ; , 
*m T f 'Two other methods of mutation detection rely on detecting changes- in . 
electrophoretic mobility in response to minor sequence changes. One of these 
methods, termed "Denaturing Gradient Gel Electrophoresis" (DGGE) is based on 
the observation that slightly different sequences will display different patterns of 
local melting when electrophoretically resolved on a gradient gel. In this manner, 
variants can be distinguished, as differences in the melting properties of 
homoduplexes versus heteroduplexes differing in a single nucleotide can be used to 
detect the presence of mutations in the target sequences because of the 
corresponding changes in the electrophoretic mobilities of the hetero- and 
homoduplexes. The fragments to be analyzed, usually PCR products, are 
"clamped" at one end by a long stretch of G-C base pairs (30-80) to allow 
complete denaturation of the sequence of interest without complete dissociation of 
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the strands. The attachment of a GC "clamp" to the DNA fragments increases the 
fraction of mutations that can be recognized by DGGE (Abrams et al, Genomics 
7:463 [1990]). Attaching a GC clamp to one primer is critical to ensure that the 
amplified sequence has a low dissociation temperature (Sheffield et al. 9 Proc. Natl. 
5 Acad. Sci., 86:232 [1989]; and Lerman and Silverstein, Meth. EnzymoL, 155:482 

[1987]). Modifications of the technique have been developed, using temperature 
gradient gels (Wartell et al, Nucl. Acids Res., 18:2699-2701 [1990]), and the 
method can be also applied to RNA:RNA duplexes (Smith et ai y Genomics 3:217 
[1988]). 

10 Limitations on the utility of DGGE include the requirement that the 

denaturing conditions must be optimized for each specific nucleic acid sequence to 
be tested. Furthermore, the method requires specialized equipment to prepare the 
gels and maintain the high temperatures required during electrophoresis. The 
expense associated with the synthesis of the clamping tail on one oligonucleotide 

15 for each sequence to be tested is also a major consideration. In addition, long 

running times are required for DGGE. The long running time of DGGE was 
• shortened in a modification of DGGE called constant denaturant gel electrophoresis 
(CDGE) (Borrensen et al 9 Proc. Natl. Acad. Sci. USA 88:8405 [1991]); kCDGE 
requires that gels be performed under different denaturant conditions in order to 

20 reach high -efficiency for the detection of unknown mutations. Both DGGE and 

CDGE are unsuitable for use in clinical laboratories. 

A technique analogous to DGGE, termed temperature gradient gel 
electrophoresis (TGGE), uses a thermal gradient rather than a chemical denaturant 
gradient (Scholz et al y Hum. Mol. Genet., 2:2155 [1993]). TGGE requires the use 

25 of specialized equipment which can generate a temperature gradient perpendicularly 

oriented relative to the electrical field. TGGE can detect mutations in relatively 
small fragments of DNA therefore scanning of large gene segments requires the use 
of multiple PCR products prior to running the gel. 

Another common method, called "Single-Strand Conformation 

30 Polymorphism" (SSCP) was developed by Hayashi, Sekya and colleagues (reviewed 

by Hayashi, PCR Meth. Appl, 1:34-38, [1991]) and is based on the observation 
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that single strands of nucleic acid can take on characteristic conformations under 
non-denaturing conditions, and these conformations influence electrophoretic 
mobility. The complementary strands assume sufficiently different structures that 
the two strands may be resolved from one another. Changes in the sequence of a 
given fragment will also change the conformation, consequently altering the 
mobility and allowing this to be used as an assay for sequence variations (Orita, et 
ai, Genomics 5:874 [1989]). 

The SSCP process involves denaturing a DNA segment (e.g., a PCR 
product) that is usually labeled on both strands, followed by slow electrophoretic 
separation on a non-denaturing polyacrylamide gel, so that intra-molecular 
interactions can form and not be disturbed during the run. This technique is 
extremely sensitive to variations in gel composition and temperature. A serious 
limitation of this method is the relative difficulty encountered in comparing data 
generated in different laboratories, under apparently similar conditions. 

The dideoxy fingerprinting (ddF) technique is another technique developed 
to scan genes for the presence of unknown mutations (Liu and Sommer, PCR 
Methods Applic, 4:97 [1994]). The ddF technique combines components of Sanger 
dideoxy sequencings with SSCP; o A dideoxy sequencing reaction is performed using 
one dideoxy terminator and then the reaction products are electrophoresed on 
inondenaturing polyacrylamide gels to detect alterations in mobility of the 
termination segments as in SSCP analysis. While ddF is an improvement over 
SSCP in terms of increased sensitivity, ddF requires the use of expensive 
dideoxynucleotides and this technique is still limited to the analysis of fragments of 
the size suitable for SSCP (i.e., fragments of 200-300 bases for optimal detection 
of mutations). 

In addition to the above limitations, all of these methods are limited as to 
the size of the nucleic acid fragment that can be analyzed. For the direct 
sequencing approach, sequences of greater than 600 base pairs require cloning, with 
the consequent delays and expense of either deletion sub-cloning or primer 
walking, in order to cover the entire fragment. SSCP and DGGE have even more 
severe size limitations. Because of reduced sensitivity to sequence changes, these 
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methods are not considered suitable for larger fragments. Although SSCP is 
reportedly able to detect 90% of single-base substitutions within a 200 base-pair 
fragment, the detection drops to less than 50% for 400 base pair fragments. 
Similarly, the sensitivity of DGGE decreases as the length of the fragment reaches 

5 500 base-pairs. The ddF technique, as a combination of direct sequencing and 

SSCP, is also limited by the relatively small size of the DNA that can be screened. 

Another method of detecting sequence polymorphisms based on the 
conformation assumed by strands of nucleic acid is the Cleavase® Fragment Length 
Polymorphism (CFLP®) method (Brow et al y J. Clin. Microbiol., 34:3129 [1996]; 

10 PCT International Application No. PCT/US95/14673 [WO 96/15267]; co-pending 

Application Serial Nos. 08/484,956 and 08/520,946). This method uses the: actions 
of a structure specific nuclease to cleave the folded structures, thus creating a set of 
product fragments that can by resolved by size (e.g., by electrophoresis). This 
method is much less sensitive to size so that entire genes, rather than gene 

15 fragments, may be analyzed. 

In many situations (e.g., in many clinical laboratories), electrophoretic 
separation and analysis may not be technically feasible, or may not be able to 
accommodate the processing of a large number of samples in a cost-effective; 
manner. There is a clear need for a method of analyzing the, characteristic 

20 conformations of nucleic acids without the need for either electrophoretic separation 

of conformations or fragments or for elaborate and expensive methods of 
visualizing gels (e.g., darkroom supplies, blotting equipment or fluorescence 
imagers). 

In addition to the apparently fortuitous folded conformations that may be 
25 assumed by any nucleic acid segment, as noted above, the folded structures 

assumed by some nucleic acids are linked in a variety of ways to the function of 
that nucleic acid. For example, tRNA structure is critical to its proper function in 
protein assembly, ribosomal RNA (rRNA) structures are essential to the correct 
function of the ribosome, and correct folding is essential to the catalytic function of 
30 Group I self-splicing introns (See e.g., the chapters by Woese and Pace (p. 91), 

Noller (p. 137), and Cech (p. 239) in Gesteland and Atkins (eds.), The RNA World, 
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Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY [1993]). Folded 
structures in viral RNAs have been linked to infectivity (Proutski et a/., J Gen 
Virol., 78( Pt 7):1543-1549 [1997], altered splicing (Ward, et al, Virus Genes 
10:91 [1995]), translational frameshifting (Bidou et al, RNA 3:1153 [1997]), 

5 packaging (Miller, et al J Virol., 71:7648 [1997]), and other functions. In both 

prokaryotes and eukaryotes, RNA structures are linked to post-transcriptional 
control of gene expression through mechanisms including attenuation of translation 
(Girelli et al, Blood 90:2084 [1997], alternative splicing (Howe and Ares, Proc. 
Natl. Acad. Sci. USA 94:12467 [1997]) and signaling for RNA degradation 

10 (Veyrune et al, Oncogene 11:2127 [1995]). Messenger RNA secondary structure 

has also been associated with localization of that RNA within cells (Serano and 
Cohen, Develop., 121:3809-3818 [1995]). In DNA it has been shown that 
cruciform structures have also been tied to control of gene expression (Hanke et 
al, J. Mol. Biol., 246:63 [1995]). It can be seen from these few examples that the 

15 use of folded structures as signals within organisms is not uncommon, nor is it 

limited to non-protein-encoding RNAs, such as rRNAs, or to non-protein-encoding 
regions of genomes or messenger RNAs. ^ ^ ; ; -v ^' 

aoii'.iwt > Some mutations arid polymorphisms associated with altered phenotype act 
by altering structures assumed by nucleic acids. Any of the functions and pathways 

20 cited above may be altered, e.g;, decreased or increased in efficacy, by such a 

structural alteration. Such alterations in function may be associated with medically 
relevant effects, including but not limited to tumor growth or morphology 
(Thompson et al, Oncogene 14:1715 [1997]), drug resistance or virulence 
(Mangada and Igarishi, Virus Genes 14:5 [1997], Ward et al, supra) in pathogens. 

25 For example, the iron availability in blood in controlled by the protein ferritin, an 

iron storage protein. Ferritin levels are controlled post-transcriptionally by binding 
of iron-regulatory proteins to a structure, (an iron-responsive element, or IRE) on 5' 
untranslated region of the ferritin mRNA, thereby blocking translation when iron 
levels are low. Hereditary hyperferritinemia, an iron storage disorder linked to 

30 cataract formation, had been found in some cases to be caused by mutations in the 

IRE that alter or delete the structure, preventing translational regulation. 
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It can easily be appreciated from these few examples that ability to rapidly 
analyze nucleic acid structure would be a useful tool for both basic and clinical 
research and for diagnostics. Further, accurate identification of nucleic acid 
structures would facilitate the design and application of therapeutic agents targeted 
directly at nucleic acids, such as antisense oligonucleotides, aptamers and peptide 
nucleic acid agents. The present invention provides methods for designing 
oligonucleotides that will interact with folded nucleic acids. It is contemplated that 
such oligonucleotides may be used for either diagnostic (i.e., detection or analysis 
of structure) or therapeutic (i.e., alteration of structure function) purposes. When 
used to detect nucleic acid structure, it is contemplated that the resulting 
oligonucleotide/folded nucleic acid target complexes may be detected directly (e.g., 
by capture), or may be detected as the result of a further catalyzed reaction that is 
enabled by the complex formation, including but not limited to a ligation, a primer 
extension, or a nuclease cleavage reaction. It will easily be appreciated by those 
skilled in the art that performance of bridging oligonucleotides in these basic 
enzymatic reactions is indicative of their utility in assays that are based on-/ - 
reiterative performance of these basic reactions, including but not limited to cycle 
icsequencing, polymerase chain reaction, ligase chain reaction,: cycling probe reaction 
and the Invader™ invasive cleavage reaction. The present invention provides 
methods of using the bridging oligonucleotides in each of the basic enzymatic 
reaction systems, and in the Invader™ invasive cleavage system. 

SUMMARY OF THE INVENTION 

The present invention relates to methods and compositions for treating 
nucleic acid, and in particular, methods and compositions for detection and 
characterization of nucleic acid sequences and sequence changes. The present 
invention provides methods for examining the conformations assumed by single 
strands of nucleic acid, forming the basis of novel methods of detection of specific 
nucleic acid sequences. The present invention contemplates use of novel detection 
methods for, among other uses, clinical diagnostic purposes, including but not 
limited to the detection and identification of pathogenic organisms. 
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The present invention contemplates using the interactions between probe 
oligonucleotides and folded nucleic acid strands in methods for detection and 
characterization of nucleic acid sequences and sequence changes. In another 
embodiment, the present invention contemplates the use of structure based nucleic 
5 acid interactions in the analysis of particular structured regions of nucleic acids, as 

a determination of function or alteration of function, A complex formed by the 
specific interaction (i.e., reproducible and predictable under a given set of reaction 
conditions) of a probe with a target nucleic acid sequence is referred to herein as a 
"probe/folded target nucleic acid complex." The interactions contemplated may be 

10 a combination of standard hybridization of oligonucleotides to contiguous, co-linear 

complementary bases, or may include standard basepairing to non-contiguous 
regions of complementarity on a strand of nucleic acid to be analyzed. In this 
context, the term "standard base pairing" refers to hydrogen bonding that occurs 
between complementary bases, adenosine, to thymidine or uracil and guanine to 

15 cytosine to form double helical structures of the A or B form. Such standard base 

pairing may also be referred to as Watson-Crick base pairing. It is contemplated 
that the interactions between the oligonucleotides of the present invention (/.e., the 
probes, and the . targets) may include non-standard nucleic, acid interactions known in 
the art, such as triplex structures, quadraplex aggregates,, and the multibase 

20 -hydrogen bonding such as is observed within nucleic acid tertiary structures, such 
as those found in tRNAs. It is contemplated that in one embodiment, the 
interactions between the oligonucleotides of the present invention may consist 
primarily of non-standard nucleic acid interactions. In one embodiment, the 
specific probe/folded target nucleic acid complex uses oligonucleotides that lack 

25 unique complementarity to each other (e.g., the shorter nucleic acid probe lacks 

segments that are long enough to be complementary to only a single site within the 
longer nucleic acid or its complement). 

The present invention contemplates the use of probes that are designed to 
interact with non-contiguous regions of complementarity. In one embodiment, such 

30 probes are constructed by incorporating within a single oligonucleotide segments 
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that are complementary to two or more non-contiguous regions in the target nucleic 
acid of interest. 

In another embodiment, this mixture is present in an aqueous solution. The 
invention is not limited by the nature of the aqueous solution employed. The 
aqueous solution may contain mono- and divalent ions, non-ionic detergents, 
buffers, stabilizers, etc. 

The present invention provides a method, comprising: a) providing: i) a folded 
target having a deoxyribonucleic acid (DNA) sequence comprising one or more 
double stranded regions and one or more single stranded regions; and ii) one or 
more oligonucleotide probes complementary to at least a portion of said folded 
target; and b) mixing said folded target and said one or more probes under 
conditions such that said probe hybridizes to said folded target to form a 
probe/folded target complex. The degree of complementarity between the probes 
and the target nucleic acids may be complete or partial (e.g., contain at least one 
mismatched base pair). The method is not limited by the nature of the target DNA 
employed to provide the folded target DNA. In one embodiment, the target DNA 
■ comprises single-stranded DNA. In another embodiment, the target DNA 

a comprises double-stranded DNA. - Folded target DN As may be pr6duced from 
either single-stranded or double-stranded target DNAs by denaturing (e.g., heating) 

■ the DNA and then permitting the DNA to form intra-strand secondary structures. 
The method is not limited by the manner in which the folded target DNA is 
generated. The target DNA may be denatured by a variety of methods known to 
the art including heating, exposure to alkali, etc. and then permitted to renature 
under conditions that favor the formation of intra-strand duplexes (e.g., cooling, 
diluting the DNA solution, neutralizing the pH, etc.). 

The method is also not limited by the nature of the oligonucleotide probes; 
these probes may comprise DNA, RNA, PNA and combinations thereof as well as 
comprise modified nucleotides, universal bases, adducts, etc. 

In a preferred embodiment, the method further comprises detecting the 
presence of said probe/folded target complex. When a detection step is employed 
either the probe or the target DNA (or both) may comprise a label (i.e., a 
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detectable moiety); the invention is not limited by the nature of the label employed 
or the location of the label (Le. % 5' end, 3' end, internal to the DNA sequence). A 
wide variety of suitable labels are known to the art and include fluorescein, 
tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, digoxigenin, radioisotopes 
(e.g., 32 P, 35 S). In another preferred embodiment, the method further comprises 
quantitating the amount of probe/folded target complex formed. The method is not 
limited by the means used for quantitification; when a labeled folded target DNA is 
employed (e.g., fluorescein or 32 P), the art knows means for quantification (e.g., 
determination of the amount of fluorescence or radioactivity present in the 
probe/folded target complex). 

In a preferred embodiment, the probe in the probe/folded target complex is 
hybridized to a single stranded region of said folded target. In another preferred 
embodiment, the probe comprises an oligonucleotide having a moiety that permits 
its capture by a solid support. The invention is not limited by the nature of the 
moiety employed to permit capture. Numerous suitable moieties are known to the 
art, including but not limited to, biotin, avidin and streptavidin.; Further, it is f/ , 
known in the art that many small compounds, such as fluorescein and digoxigenin 

i f may serve as haptens for specific capture by appropriate antibodies.* Protein. 
conjugates may also be used to allow specific capture by antibodies. 

h/hivv § in a preferred embodiment the detection of the presence of said 
probe/folded target complex comprises exposing said probe/folded target complex 
to a solid support under conditions such that said probe is captured by said solid 
support. As discussed in further detail below, numerous suitable solid supports are 
known to the art (e.g., beads, particles, dipsticks, wafers, chips, membranes or flat 
surfaces composed of agarose, nylon, plastics such as polystyrenes, glass or silicon) 
and may be employed in the present methods. 

In a particularly preferred embodiment, the moiety comprises a biotin 
moiety and said solid support comprises a surface having a compound capable of 
binding to said biotin moiety, said compound selected from the group consisting of 
avidin and streptavidin. 
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In another embodiment, the folded target comprises a deoxyribonucleic acid 
sequence having a moiety that permits its capture by a solid support; as discussed 
above a number of suitable moieties are known and may be employed in the 
present method. In yet another embodiment, the detection of the presence of said 
probe/folded target complex comprises exposing said probe/folded target complex 
to a solid support under conditions such that said folded target is captured by said 
solid support. In a preferred embodiment, the moiety comprises a biotin moiety 
and said solid support comprises a surface having a compound capable of binding 
to said biotin moiety, said compound selected from the group consisting of avidin 
and streptavidin. 

In a preferred embodiment, the probe is attached to a solid support; the 
probe is attached to the solid support in such a manner that the probe is available 
for hybridization with the folded target nucleic acid, the invention is not limited 
by the means employed to attach the probe to the solid support. The probe may be 
synthesized in situ on the solid support or the probe may be attached (post- 
synthesis) to the solid support via a moiety present on the probe (e.g., using a 
biotinylated probe and solid support comprising avidin or streptavidin). In another 
preferred embodiment, the folded target: nucleic acid is attached , to a solid support; 
this may be accomplished for example using moiety present on the folded target 
(e.g., using a biotinylated target nucleic acid and solid support comprising avidin or 
streptavidin). 

The present invention also provides a method, comprising: a) providing: i) 
a first folded target having a nucleic acid sequence comprising first and second 
portions, said first and second portions each comprising one or more double 
stranded regions and one or more single stranded regions; ii) a second folded target 
having a nucleic acid sequence comprising a first portion that is identical to said 
first portion of said first folded target and a second portion that differs from said 
second portion of said first folded target because of a variation in nucleic acid 
sequence relative to said first folded target, said first and second portions each 
comprising one or more double stranded regions and one or more single stranded 
regions; iii) first and second oligonucleotide probes, said first oligonucleotide probe 
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complementary to said first portion of said first and second folded targets and said 
second oligonucleotide probe complementary to said second portion of said first 
and second folded targets; and iv) a solid support comprising first, second, third 
and fourth testing zones, each zone capable of capturing and immobilizing said first 
and second oligonucleotide probes; b) contacting said first folded target with said 
first oligonucleotide probe under conditions such that said first probe binds to said 
first folded target to form a probe/folded target complex in a first mixture; c) 
contacting said first folded target with said second oligonucleotide probes under 
conditions such that said second probe binds to said first folded target to form a 
probe/folded target complex in a second mixture; d) contacting said second folded 
target with said first oligonucleotide probe to form a third mixture; e) contacting 
said second folded target with said second oligonucleotide probe to form fourth 
mixture; and f) adding said first, second, third and fourth mixtures to said first, 
second, third and fourth testing zones of said solid support, respectively, under 
conditions such that said probes are captured and immobilized. The degree of 
complementarity between the probes and the target nucleic acids may be complete 
or partial (e.g., contain at least one mismatched base pair).-;/ f .>M ! -\.r->:, 
_ U ,, T ^ _cln a preferred embodiment, the first probe in step>d),does not substantially 
... hybridize to said second folded target; that is while it is not required that absolutely 
no .formation of a first probe/second folded target complex occurs, very little of this 
complex is formed. In another preferred embodiment, the hybridization of said 
first probe in step d) to said second folded target is reduced relative to the 
hybridization of said first probe in step c) to said first folded target. 

The method is not limited by the nature of the first and second targets. The 
first and second targets may comprise double- or single-stranded DNA or RNA. 
The method is also not limited by the nature of the oligonucleotide probes; these 
probes may comprise DNA, RNA, PNA and combinations thereof as well as 
comprise modified nucleotides, universal bases, adducts, etc. In a preferred 
embodiment, the first and second oligonucleotide probes comprise DNA. 
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The present invention further provides a method, comprising: a) providing: 
i) a first folded target having a nucleic acid sequence comprising first and second 
portions, said first and second portions each comprising one or more double 
stranded regions and one or more single stranded regions; ii) a second folded target 
having a nucleic acid sequence comprising a first portion that is identical to said 
first portion of said first folded target and a second portion that differs from said 
second portion of said first folded target because of a variation in nucleic acid 
sequence relative to said first folded target, said first and second portions each 
comprising one or more double stranded regions and one or more single strandeld 
regions; iii) a solid support comprising first and second testing zones, each of said 
zones comprising immobilized first and second oligonucleotide probes, said first 
oligonucleotide probe complementary to said first portion of said first and second 
folded targets and second oligonucleotide probe complementary to said second 
portion of said first and second folded targets; and b) contacting said first and 
second folded targets with said solid support under conditions such that said first 
and second probes hybridize to said first folded target to form a probe/folded target 
complex. The invention is not limited by the nature of the first and second 
■ folded targets. The first and second targets may be derived from double- or single- 
stranded DNA or RNA. The probes may be completely or partially complementary 
to the target nucleic acids. The method is also not limited by the nature of the 
oligonucleotide probes; these probes may comprise DNA, RNA, PNA and 
combinations thereof as well as comprise modified nucleotides, universal bases, 
adducts, etc. In a preferred embodiment, the first and second oligonucleotide 
probes comprise DNA. The invention is not limited by the nature of the solid 
support employed as discussed above. 

In a preferred embodiment, the contacting of step b) comprises adding said 
first folded target to said first testing zone and adding said second folded target to 
said second testing zone. In another preferred embodiment, the first and second 
probes are immobilized in separate portions of said testing zones. 
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In a preferred embodiment, the first probe in said second testing zone does 
not substantially hybridize to said second folded target; that is while it is not 
required that absolutely no formation of a first probe/second folded target complex 
occurs, very little of this complex is formed. In another preferred embodiment, the 
first probe in said second testing zone hybridizes to said second folded target with 
a reduced efficiency compared to the hybridization of said first probe in first 
testing zone to said first folded target. 

In one embodiment, the first and second folded targets comprise DNA. In 
another embodiment, the first and second folded targets comprise RNA. 

The present invention also provides a method for treating nucleic acid, 
comprising: a) providing: i) a nucleic acid target and ii) one or more 
oligonucleotide probes; b) treating the nucleic acid target and the probes under 
conditions such that the target forms one or more folded structures and interacts 
with one or more probes; and c) analyzing the complexes formed between the 
probes and the target In a preferred embodiment, the method further comprises 
providing a solid support for the capture of the target/probe complexes. Such ; 
capture; may occur after the formation of the structures, or either the probe or the 
target my be bound to the support before complex formation. {lV 
t - ; The method is not limited by the nature of the nucleic acid target employed. 
In one embodiment, the nucleic acid of step (a) is substantially single-stranded,, In 
another embodiment, the nucleic acid is RNA or DNA. It is contemplated that the 
nucleic acid target comprise a nucleotide analog, including but not limited to the 
group comprising 7-deaza-dATP, 7-deaza-dGTP and dUTP. The nucleic acid target 
may be double stranded. When double-stranded nucleic acid targets are employed, 
the treating of step (b) comprises: i) rendering the double-stranded nucleic acid 
substantially single-stranded; and ii) exposing the single-stranded nucleic acid to 
conditions such that the single-stranded nucleic acid has secondary structure. The 
invention is not limited by the method employed to render the double-stranded 
nucleic acid substantially single-stranded; a variety of means known to the art may 
be employed, A preferred means for rendering double stranded nucleic acid 
substantially single-stranded is by the use of increased temperature. 
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In a preferred embodiment, the method further comprises the step of 
detecting said one or more target/probe complexes. The invention is not limited by 
the methods used for the detection of the complex(es). 

It is contemplated that the methods of the present invention be used for the 
detection and identification of microorganisms. It is contemplated that the 
microorganism(s) of the present invention be selected from a variety of 
microorganisms; it is not intended that the present invention be limited to any 
particular type of microorganism. Rather, it is intended that the present invention 
will be used with organisms including, but not limited to, bacteria, fungi, protozoa, 
ciliates, and viruses. It is not intended that the microorganisms be limited to a 
particular genus, species, strain, or serotype. Indeed, it is contemplated that the 
bacteria be selected from the group comprising, but not limited to members of the 
genera Campylobacter, Escherichia, Mycobacterium, Salmonella, Shigella,and 
Staphylococcus. In one preferred embodiment, the microorganism(s) comprise 
strains of multi-drug resistant Mycobacterium tuberculosis. It is also contemplated 
that the present invention be used with viruses, including but not limited to ^ 
• hepatitis C virus, human immunodeficiency virus and simian immunodeficiency 

> Another embodiment of the present invention contemplates a method for 
detecting rand identifying strains of microorganisms, comprising the steps of 
extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 
oligonucleotide probes under conditions such that the extracted nucleic acid forms 
one or more secondary structures and interacts with one or more probes. In one 
embodiment, the method further comprises the step of capturing the complexes to a 
solid support. In yet another embodiment, the method further comprises the step of 
detecting the captured complexes. In one preferred embodiment, the present 
invention further comprises comparing the detected from the extracted nucleic acid 
isolated from the sample with separated complexes derived from one or more 
reference microorganisms. In such a case the sequence of the nucleic acids from 
one or more reference microorganisms may be related but different (e.g., a wild 
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type control for a mutant sequence or a known or previously characterized mutant 
sequence). 

In an alternative preferred embodiment, the present invention further 
comprises the step of isolating a polymorphic locus from the extracted nucleic acid 
after the extraction step, so as to generate a nucleic acid target, wherein the target 
is contacted with one or more probe oligonucleotides. In one embodiment, the 
isolation of a polymorphic locus is accomplished by polymerase chain reaction 
amplification. In an alternate embodiment, the polymerase chain reaction is 
conducted in the presence of a nucleotide analog, including but not limited to the 
group comprising 7-deaza-dATP, 7-deaza-dGTP and dUTP. It is contemplated that 
the polymerase chain reaction amplification will employ oligonucleotide primers 
matching or complementary to consensus gene sequences derived from the 
polymorphic locus. In one embodiment, the polymorphic locus comprises a 
ribosomal RNA gene. In a particularly preferred embodiment, the rihosomal RNA 
gene is a 16S ribosomal RNA gene. 

i.-y. l. The present invention also contemplates a process for creating a record 
reference library of genetic fingerprints characteristic, (Le. 9 diagnostic) of one or 
r 4 more; allel es of vthe various microorganisms, comprising the steps of providing a 
; nucleic acid target derived from microbial gene sequences; comprising the steps of 
• extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 
oligonucleotide, probes under conditions such that the extracted nucleic acid forms 
one or more secondary structures and interacts with one or more probes; detecting 
the captured complexes; and maintaining a testable record reference of the captured 
complexes. 

By the term "genetic fingerprint" it is meant that changes in the sequence of 
the nucleic acid (e.g., a deletion, insertion or a single point substitution) alter both 
the sequences detectable by standard base pairing, and alter the structures formed, 
thus changing the profile of interactions between the target and the probe 
oligonucleotides (e.g., altering the identity of the probes with which interaction 
occurs and/or altering the site/s or strength of the interaction). The measure of the 
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identity of the probes bound and the strength of the interactions constitutes an 
informative profile that can serve as a "fingerprint" of the nucleic acid, reflecting 
the sequence and allowing rapid detection and identification of variants. 

The methods of the present invention allow for simultaneous analysis of 
both strands (e.g., the sense and antisense strands) and are ideal for high-level 
multiplexing. The products produced are amenable to qualitative, quantitative and 
positional analysis. The present methods may be automated and may be practiced 
in solution or in the solid phase (e.g., on a solid support). The present methods are 
powerful in that they allow for analysis of longer fragments of nucleic acid than 
current methodologies. 

The present invention provides a method, comprising: a) providing: i) a 
folded target having a deoxyribonucleic acid (DNA) sequence comprising one or 
more double stranded regions and one or more single stranded regions; and ii) one 
or more oligonucleotide probes complementary to at least a portion of the folded 
target; and b) mixing the folded target and the one or more probes under conditions 
such that the probe hybridizes to the folded target to form a probe/folded target 
complex. The degree of complementarity between the probes and the target nucleic 
acids may; be complete or partial (e.g., contain at least one mismatched base pair). 
The method is not limited by the nature of the target DNA employed to provide the 
folded target DNA; In one embodiment, the target DNA comprises single-stranded 
DNA. In another embodiment, the target DNA comprises double-stranded DNA, 
Folded target DNAs may be produced from either single-stranded or double- 
stranded target DNAs by denaturing (e.g., heating) the DNA and then permitting 
the DNA to form intra-strand secondary structures. The method is not limited by 
the manner in which the folded target DNA is generated. The target DNA may be 
denatured by a variety of methods known to the art including heating, exposure to 
alkali, etc. and then permitted to renature under conditions that favor the formation 
of intra-strand duplexes (e.g., cooling, diluting the DNA solution, neutralizing the 
pH, etc.). 

The method is also not limited by the nature of the oligonucleotide probes; 
these probes may comprise DNA, RNA, PNA and combinations thereof as well as 
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comprise modified nucleotides, universal bases, adducts, etc. 

In a preferred embodiment, the method further comprises detecting the 
presence of the probe/folded target complex. When a detection step is employed 
either the probe or the target DNA (or both) may comprise a label (i.e., a 
detectable moiety); the invention is not limited by the nature of the label employed 
or the location of the label {i.e., 5' end, 3' end, internal to the DNA sequence). A 
wide variety of suitable labels are known to the art and include fluorescein, 
tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, digoxigenin, radioisotopes 
{e.g., 32 P, 35 S). In another preferred embodiment, the method further comprises 
quantitating the amount of probe/folded target complex formed. The method is not 
limited by the means used for quantification; when a labeled folded target DNA is 
employed {e.g., fluorescein or 32 P), the art knows means for quantification {e.g., 
determination of the amount of fluorescence or radioactivity present in the 
probe/folded target complex). 

In a preferred embodiment, the probe in the probe/folded target complex is 
..; hybridized to a single stranded region of the folded target. In another preferred 
> embodiment, the probe comprises an oligonucleotide having a moiety that permits 
»i capture by a solid support. ^The invention is not limited by the nature of the 
moiety employed to permit capture. Numerous suitable moieties are known to the 
art,; including but not limited to, biotin; avidin and streptavidin.- Further, it is 
known in the art that many small compounds, such as fluorescein and digoxigenin 
may serve as haptens for specific capture by appropriate antibodies. Protein 
conjugates may also be used to allow specific capture by antibodies. 

In a preferred embodiment the detection of the presence of the probe/folded 
target complex comprises exposing the probe/folded target complex to a solid 
support under conditions such that the probe is captured by the solid support. As 
discussed in further detail below, numerous suitable solid supports are known to the 
art {e.g., beads, particles, dipsticks, wafers, chips, membranes or flat surfaces 
composed of agarose, nylon, plastics such as polystyrenes, glass or silicon) and 
may be employed in the present methods. 
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In a particularly preferred embodiment, the moiety comprises a biotin 
moiety and the solid support comprises a surface having a compound capable of 
binding to the biotin moiety, the compound selected from the group consisting of 
avidin and streptavidin. 

In another embodiment, the folded target comprises a deoxyribonucleic acid 
sequence having a moiety that permits its capture by a solid support; as discussed 
above a number of suitable moieties are known and may be employed in the 
present method. In yet another embodiment, the detection of the presence of the 
probe/folded target complex comprises exposing the probe/folded target complex to 
a solid support under conditions such that the folded target is captured by the solid 
support. In a preferred embodiment, the moiety comprises a biotin moiety and the 
solid support comprises a surface having a compound capable of binding to the 
biotin moiety, the compound selected from the group consisting of avidin and 
streptavidin. 

In a preferred embodiment, the probe is attached to a solid support; the 
probe is attached to the solid support in such a manner that the probe is available 
for hybridization with the folded target nucleic acid, the invention is not limited 
by the means employed to attach the probe to the solid support. The probe may be 
synthesized in situ on the solid support or the probe may be attached (post- 
synthesis) to. the solid support via a moiety present on the probe {e.g., using a 
biotinylated probe and solid support comprising avidin or streptavidin). In another 
preferred embodiment, the folded target nucleic acid is attached to a solid support; 
this may be accomplished for example using moiety present on the folded target 
(e.g., using a biotinylated target nucleic acid and solid support comprising avidin or 
streptavidin). 

The present invention also provides a method, comprising: a) providing: i) 
a first folded target having a nucleic acid sequence comprising first and second 
portions, said first and second portions each comprising one or more double 
stranded regions, and one or more single stranded regions, and further comprising 
two or more non-contiguous portions, and one or more intervening regions; ii) a 
second folded target having a nucleic acid sequence comprising a first portion that 
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is identical to said first portion of said first folded target and a second portion that 
differs from said second portion of said first folded target because of a variation in 
nucleic acid sequence relative to said first folded target, said first and second 
portions each comprising one or more double stranded regions, and one or more 
single stranded regions, and further comprising two or more non-contiguous 
portions, and one or more intervening regions; iii) first and second bridging 
oligonucleotides, said first bridging oligonucleotide complementary to said two or 
more non-contiguous portions of said first portion of said first and second folded 
targets and said second bridging oligonucleotide complementary to said two or 
more non-contiguous portions of said second portion of said first and second folded 
targets; and iv) a solid support comprising first, second, third and fourth testing 
zones, each zone capable of capturing and immobilizing said first and second 
bridging oligonucleotides; b) contacting the first folded target with the first 
oligonucleotide probe under conditions such that the first probe binds to the first 
folded target to form a probe/folded target complex in a first mixture; c) contacting 
the first folded target with the second oligonucleotide probes under, conditions such 
that the second probe binds to the first folded target to form a probe/folded target 
complex in a second mixture; d) contacting the second folded target with, the^ first 
oligonucleotide probe to form a third mixture; e) contacting the second folded 
target with the second oligonucleotide probe to form fourth mixture; and f) adding 
the first, second, third and fourth mixtures to the first, second, third and fourth 
testing zones of the solid support, respectively, under conditions such that the 
probes are captured and immobilized. The degree of complementarity between the 
probes and the target nucleic acids may be complete or partial (e.g., contain at least 
one mismatched base pair). 

In a preferred embodiment, the first probe in step d) does not substantially 
hybridize to the second folded target; that is while it is not required that absolutely 
no formation of a first probe/second folded target complex occurs, very little of this 
complex is formed. In another preferred embodiment, the hybridization of the first 
probe in step d) to the second folded target is reduced relative to the hybridization 
of the first probe in step c) to the first folded target. 
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The method is not limited by the nature of the first and second targets. The 
first and second targets may comprise double- or single-stranded DNA or RNA. 
The method is also not limited by the nature of the oligonucleotide probes; these 
probes may comprise DNA, RNA, PNA and combinations thereof as well as 
comprise modified nucleotides, universal bases, adducts, etc. In a preferred 
embodiment, the first and second oligonucleotide probes comprise DNA. 

The present invention further provides a method, comprising: a) providing: 
i) a first folded target having a nucleic acid sequence comprising first and second 
portions, the first and second portions each comprising one or more double 
stranded regions and one or more single stranded regions; ii) a second folded target 
having a nucleic acid sequence comprising a first portion that is identical to the 
first portion of the first folded target and a second portion that differs from the 
second portion of the first folded target because of a variation in nucleic acid 
sequence relative to the first folded target, the first and second portions each 
comprising one or more double stranded regions and one or more single stranded 
- regions; Hi) a solid support comprising first and second testing zones, each of the 
zones comprising immobilized first and second oligonucleotide probes, the first 
^ oligonucleotide probe complementary to the first portion of the first and second 
folded targets and second oligonucleotide probe complementary to the second 
portion of the first and second folded targets; and b) contacting the first and second 
folded targets with the solid support under conditions such that the first and second 
probes hybridize to the first folded target to form a probe/folded target complex. 
The invention is not limited by the nature of the first and second folded targets. 
The first and second targets may be derived from double- or single-stranded DNA 
or RNA. The probes may be completely or partially complementary to the target 
nucleic acids. The method is also not limited by the nature of the oligonucleotide 
probes; these probes may comprise DNA, RNA, PNA and combinations thereof as ^ 
well as comprise modified nucleotides, universal bases, adducts, etc. In a 
preferred embodiment, the first and second oligonucleotide probes comprise DNA. 
The invention is not limited by the nature of the solid support employed as 
discussed above. 
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In a preferred embodiment, the contacting of step b) comprises adding the 
first folded target to the first testing zone and adding the second folded target to 
the second testing zone. In another preferred embodiment, the first and second 
probes are immobilized in separate portions of the testing zones. 

In a preferred embodiment, the first probe in the second testing zone does 
not substantially hybridize to the second folded target; that is while it is not 
required that absolutely no formation of a first probe/second folded target complex 
occurs, very little of this complex is formed. In another preferred embodiment, the 
first probe in the second testing zone hybridizes to the second folded target with a 
reduced efficiency compared to the hybridization of the first probe in first testing 
zone to the first folded target. 

In one embodiment, the first and second folded targets comprise DNA. In 
another embodiment, the first and second folded targets comprise RNA. 

The present invention also provides a method for treating nucleic acid, 
comprising: a) providing: i) a nucleic acid target and ii) one or more 
oligonucleotide probes; b> treating the nucleic acid target and the probes under 
conditions such that the target forms one or more folded structures and interacts 
with one-or more probes; and c) : analyzing the complexes formed between the 
probes and the target. In a preferred embodiment, the method further comprises 
providing a solid support for the capture of the target/probe complexes. Such;; 
capture may occur after the formation of the structures, or either the probe or the 
target my be bound to the support before complex formation. 

The method is not limited by the nature of the nucleic acid target employed. 
In one embodiment, the nucleic acid of step (a) is substantially single-stranded. In 
another embodiment, the nucleic acid is RNA or DNA. It is contemplated that the 
nucleic acid target comprise a nucleotide analog, including but not limited to the 
group comprising 7-deaza-dATP, 7-deaza-dGTP and dUTP. The nucleic acid target 
may be double stranded. When double-stranded nucleic acid targets are employed, 
the treating of step (b) comprises: i) rendering the double-stranded nucleic acid 
substantially single-stranded; and ii) exposing the single-stranded nucleic acid to 
conditions such that the single-stranded nucleic acid has secondary structure. The 
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invention is not limited by the method employed to render the double-stranded 
nucleic acid substantially single-stranded; a variety of means known to the art may 
be employed. A preferred means for rendering double stranded nucleic acid 
substantially single-stranded is by the use of increased temperature. 

In a preferred embodiment, the method further comprises the step of 
detecting the one or more target/probe complexes. The invention is not limited by 
the methods used for the detection of the complex(es). 

It is contemplated that the methods of the present invention be used for the 
detection and identification of microorganisms. It is contemplated that the 
microorganism(s) of the present invention be selected from a variety of 
microorganisms; it is not intended that the present invention be limited to any 
particular type of microorganism. Rather, it is intended that the present invention 
will be used with organisms including, but not limited to, bacteria, fungi, protozoa, 
ciliates, and viruses. It is not intended that the microorganisms be limited to a 
particular genus, species, strain, or serotype. Indeed, it is contemplated that the 
bacteria be selected from the group comprising, but not limited to members of the 
genera Campylobacter, Escherichia, Mycobacterium, Salmonella, Shigella, and 
Staphylococcus. In one preferred embodiment, the microorganism(s) comprise 
strains of multi-drug resistant Mycobacterium tuberculosis. It is also contemplated 
that the present invention be used with viruses, including but not limited to 
hepatitis C virus, human immunodeficiency virus and simian immunodeficiency 
virus. 

Another embodiment of the present invention contemplates a method for 
detecting and identifying strains of microorganisms, comprising the steps of 
extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 
oligonucleotide probes under conditions such that the extracted nucleic acid forms 
one or more secondary structures and interacts with one or more probes. In one 
embodiment, the method further comprises the step of capturing the complexes to a 
solid support. In yet another embodiment, the method further comprises the step of 
detecting the captured complexes. In one preferred embodiment, the present 
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invention further comprises comparing the detected from the extracted nucleic acid 
isolated from the sample with separated complexes derived from one or more 
reference microorganisms. In such a case the sequence of the nucleic acids from 
one or more reference microorganisms may be related but different (e.g., a wild 
type control for a mutant sequence or a known or previously characterized mutant 
sequence). 

In an alternative preferred embodiment, the present invention further 
comprises the step of isolating a polymorphic locus from the extracted nucleic acid 
after the extraction step, so as to generate a nucleic acid target, wherein the target 
is contacted with one or more probe oligonucleotides. In one embodiment, the 
isolation of a polymorphic locus is accomplished by polymerase chain reaction 
amplification. In an alternate embodiment, the polymerase chain reaction is 
conducted in the presence of a nucleotide analog, including but not limited to the 
group comprising 7-deaza-dATP, 7-deaza-dGTP and dUTP. It is contemplated that 
the polymerase chain reaction amplification will employ oligonucleotide primers 
matching or complementary to consensus gene sequences derived from the , : . 
polymorphic locus. In one embodiment, the polymorphic locus comprises a 
v jribosomal RNA gene j> In a particularly preferred embodiment, the #osomal RNA 
gene is a 16S ribosomal RNA gene. 

raiiv The present invention also contemplates a process for creating a record; , 
reference library of genetic fingerprints characteristic (i.e., diagnostic) of one or 
more alleles of the various microorganisms, comprising the steps of providing a 
nucleic acid target derived from microbial gene sequences; comprising the steps of 
extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 
oligonucleotide probes under conditions such that the extracted nucleic acid forms 
one or more secondary structures and interacts with one or more probes; detecting 
the captured complexes; and maintaining a testable record reference of the captured 
complexes. 
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By the term "genetic fingerprint" it is meant that changes in the sequence of 
the nucleic acid (e.g., a deletion, insertion or a single point substitution) alter both 
the sequences detectable by standard base pairing, and alter the structures formed, 
thus changing the profile of interactions between the target and the probe 
oligonucleotides (e.g., altering the identity of the probes with which interaction 
occurs and/or altering the site/s or strength of the interaction). The measure of the 
identity of the probes bound and the strength of the interactions constitutes an 
informative profile that can serve as a "fingerprint" of the nucleic acid, reflecting 
the sequence and allowing rapid detection and identification of variants. 

The methods of the present invention allow for simultaneous analysis of 
both strands (e.g., the sense and antisense strands) and are ideal for high-level 
multiplexing. The products produced are amenable to qualitative, quantitative and 
positional analysis. The present methods may be automated and may be practiced 
in solution or in the solid phase (e.g., on a solid support). The present methods are 
powerful in that they allow for analysis of longer fragments of nucleic acid than 
current methodologies. a , 

•*- The present invention further provides methods for determination of 
structure formation in nucleic acid targets, comprising the steps of : a) providing: i) 
a folded target having a deoxyribonucleic acid sequence comprising one or more 
double stranded regions, and one or more single stranded regions; and further 
comprising two or more non-contiguous portions, and one or more intervening 
regions; and ii) one or more bridging oligonucleotide probes complementary to two 
or more non-contiguous portions of the folded target; and b) mixing the folded 
target and one or more bridging oligonucleotide probes under conditions such that 
the bridging oligonucleotide probes hybridize to the folded target to form a 
probe/folded target complex. 

In preferred embodiments, the one or more intervening regions of the folded 
targets comprise at least five nucleotides. In yet other embodiments, either of the 
targets and/or either of the bridging oligonucleotides contain intervening regions 
comprised of non-nucleotide spacers of any length. In a preferred embodiment, the 
first and second oligonucleotide probes comprise DNA. In alternative 
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embodiments, the method further comprises detecting the presence of the 
probe/folded target complex. In yet other embodiments, the method further 
comprises quantitating the amount of probe/folded target complex formed. In yet 
other embodiments of the method, the bridging oligonucleotide probe in the 
probe/folded target complex is hybridized to at least one single stranded region of 
the folded target. 

The method is not limited by the nature of the target DNA employed to 
provide the folded target DNA, nor is the method limited by the manner in which 
the folded target DNA is generated. The method is also not limited by the nature 
of the bridging oligonucleotide probes; these probes may comprise DNA, RNA, 
PNA and combinations thereof as well as comprise modified nucleotides, universal 
bases, adducts, etc. 

In a preferred embodiment, the method further comprises detecting the 
presence of the probe/folded target complex. When a detection step is employed 
either the bridging oligonucleotide probe or the target DNA (or both) may comprise 
a label (ie. j a detectable moiety); the invention is not limited by the nature of the 
label employed or the location of the label (ie., 5^ end, 3' end, internal to the 
DNA sequence). A wide variety of suitable labels are known to the art and include 
fluorescein, tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, digoxigenin, 
- radioisotopes (e.g., 32 P, - 5 S). In another preferred embodiment, the method further 
comprises quantitating the amount of probe/folded target complex formed. The 
method is not limited by the means used for quantification; when a labeled folded 
target DNA is employed {e.g., fluorescein or 32 P), the art knows means for 
quantification (e.g., determination of the amount of fluorescence or radioactivity 
present in the probe/folded target complex). 

In another preferred embodiment, the bridging oligonucleotide probe 
comprises a bridging oligonucleotide having a moiety that permits its capture by a 
solid support. The invention is not limited by the nature of the moiety employed 
to permit capture. Numerous suitable moieties are known to the art, including but 
not limited to, biotin, avidin and streptavidin. Further, it is known in the art that 
many small compounds, such as fluorescein and digoxigenin may serve as haptens 
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for specific capture by appropriate antibodies. Protein conjugates may also be used 
to allow specific capture by antibodies. 

In a preferred embodiment the detection of the presence of the probe/folded 
target complex comprises exposing the probe/folded target complex to a solid 
support under conditions such that the bridging oligonucleotide probe is captured 
by the solid support. As discussed in further detail below, numerous suitable solid 
supports are known to the art (e.g., beads, particles, dipsticks, wafers, chips, 
membranes or flat surfaces composed of agarose, nylon, plastics such as 
polystyrenes, glass or silicon) and may be employed in the present methods. 

In a particularly preferred embodiment, the moiety comprises a biotin 
moiety and the solid support comprises a surface having a compound capable of 
binding to the biotin moiety, the compound selected from the group consisting of 
avidin and streptavidin. 

...... In another embodiment, the folded target comprises a deoxyribonucleic acid 

sequence having a moiety that permits its capture by a solid support; as discussed 
: above a number of suitable moieties are known and may. be employed in the ; 
present method. In yet another embodiment, the detection of the presence of the 
^dprobe/folded target complex, comprises exposing the probe/folded target ^complex to 
a solid support under conditions such that the folded target is captured by the solid 
isuppoitv In a preferred embodiment, the moiety comprises a biotin moiety and the 
solid support comprises a surface having a compound capable of binding to the 
biotin moiety, the compound selected from the group consisting of avidin and 
streptavidin. 

In a preferred embodiment, the bridging oligonucleotide probe is attached to 
a solid support; the probe is attached to the solid support in such a manner that the 
bridging oligonucleotide probe is available for hybridization with the folded target 
nucleic acid. The invention is not limited by the means employed to attach the 
bridging oligonucleotide probe to the solid support. The bridging oligonucleotide 
probe may be synthesized in situ on the solid support or the probe may be attached 
(post-synthesis) to the solid support via a moiety present on the bridging 
oligonucleotide probe (e.g., using a biotinylated probe and solid support comprising 
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avidin or streptavidin). In another preferred embodiment, the folded target nucleic 
acid is attached to a solid support; this may be accomplished for example using 
moiety present on the folded target (e.g., using a biotinylated target nucleic acid 
and solid support comprising avidin or streptavidin). 

The present invention also provides methods for analyzing the structure of 
nucleic acid targets, comprising: a) providing: i) a first folded target having a 
nucleic acid sequence comprising first and second portions, the first and second 
portions each comprising one or more double stranded regions and one or more 
single stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to the first portion of the first folded 
target and a second portion that differs from the second portion of the first folded 
target because of a variation in nucleic acid sequence relative to the first folded 
target, the first and second portions each comprising one or more double stranded 
regions and one or more single stranded regions; iii) first and second bridging 
oligonucleotides, wherein the first bridging oligonucleotide is complementary to the 
■>oi first portion of the first and second folded targets and the second; bridging 
^oligonucleotide is complementary to the second portion of the first and: second- 
folded targets; and iv) a solid support comprising first, second, third and fourth 
testing . zones, each zone capable of capturing and immobilizing the first and second 
bridging oligonucleotides;^) contacting the first folded target with the first - 
bridging oligonucleotide under conditions such that the first bridging 
oligonucleotide binds to the first folded target to form a probe/folded target 
complex in a first mixture; c) contacting the first folded target with the second 
bridging oligonucleotide under conditions such that the second bridging 
oligonucleotide binds to the first folded target to form a probe/folded target 
complex in a second mixture; d) contacting the second folded target with the first 
bridging oligonucleotide to form a third mixture; e) contacting the second folded 
target with the second bridging oligonucleotide to form fourth mixture; and f) 
adding the first, second, third and fourth mixtures to the first, second, third and 
fourth testing zones of the solid support, respectively, uftder conditions such that 
the first and second bridging oligonucleotides are captured and immobilized. 
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The method is not limited by the nature of the first and second targets. The 
first and/or second target may comprise one or more non-contiguous regions, as 
well as one or more intervening regions. In preferred embodiments, the intervening 
regions comprise at least five nucleotides. The method is also not limited by the 
nature of the bridging oligonucleotide probes; these bridging oligonucleotide probes 
may comprise DNA, RNA, PNA and combinations thereof as well as comprise 
modified nucleotides, universal bases, adducts, etc. In some embodiments, the first 
and/or second bridging oligonucleotide probes comprise one or more intervening 
regions. In alternative embodiments, the intervening region of the bridging 
oligonucleotide probes comprises at least two nucleotides. In yet other 
embodiments, either of the targets and/or either of the bridging oligonucleotides 
contain intervening regions comprised of non-nucleotide spacers of any length. In 
a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. In a preferred embodiment, the first and second bridging oligonucleotide 
probes comprise DNA. 

i. In alternative. embodiments, the^first bridging oligonucleotide in step d) does 
riot substantially hybridize to the second folded target In yet another embodiment, 
the hybridization of the first bridging oligonucleotide in stepid) to the second s 
folded target is reduced relatives the hybridization of the first bridging H , s. 
oligonucleotide in step c) to the first folded target. In further embodiments, the 
first and second targets comprise DNA, and/or the first and second bridging 
oligonucleotides comprise DNA. 

The present invention also provides methods for analyzing folded nucleic 
acid targets, comprising: a) providing: i) a first folded target having a nucleic acid 
sequence comprising first and second portions, wherein the first and second 
portions each comprise one or more double stranded regions and one or more 
single stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to the first portion of the first folded 
target, and a second portion that differs from the second portion of the first folded 
target because of a variation in nucleic acid sequence relative to the first folded 
target, the first and second portions each comprising one or more double stranded 
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regions and one or more single stranded regions; iii) a solid support comprising 
first and second testing zones, each of the zones comprising immobilized first and 
second bridging oligonucleotides, the first bridging oligonucleotide being 
complementary to the first portion of the first and second folded targets and second 
bridging oligonucleotide being complementary to the second portion of the first and 
second folded targets; and b) contacting the first and second folded targets with the 
solid support under conditions such that the first and second bridging 
oligonucleotides hybridize to the first folded target to form a probe/folded target 
complex. 

In some embodiments, the contacting of step b) comprises adding the first 
folded target to the first testing zone and adding the second folded target to the 
second testing zone. In alternative embodiments, the first and second bridging 
oligonucleotides are immobilized in separate portions of the testing zones. In yet 
other embodiments, the first bridging oligonucleotide in the second testing zone 
does not substantially hybridize to the second folded target. In further 
embodiments, the first bridging oligonucleotide Jn the second testing zone 
^ hybridizes to the second folded target with a reduced efficiency compared to the 
. hybridization of the first bridging oligonucleotide in first testing, zone to the first 
folded target. : r % 

v >rrThe method is not limited by the nature of, nor the method of generating 
the first and second folded targets. The method is also not limited by the nature 
of, or the method of generating the oligonucleotide probes; these probes may 
comprise DNA, RNA, PNA and combinations thereof as well as comprise modified 
nucleotides, universal bases, adducts, etc. In some embodiments, the first and/or 
second folded target comprises one or more intervening region comprised of at 
least five nucleotides. In yet other embodiments, the first and/or second bridging 
oligonucleotide probe comprises one or more intervening regions comprised of at 
least two nucleotides. In yet other embodiments, either of the targets and/or either 
of the bridging oligonucleotides contain intervening regions comprised of non- 
nucleotide spacers of any length. In a preferred embodiment, the first and second 
oiigonucieotide probes comprise DNA. The invention is not limited by the nature 
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of the solid support employed as discussed above. In some preferred embodiments 
of the method, the first and second folded targets comprise DNA. In alternative 
embodiments, the first and second folded targets comprise RNA. In yet other 
embodiments, the first and second bridging oligonucleotides comprise DNA. 

In one embodiment, the present invention provides a method, comprising: 
a) providing: i) a folded target having a deoxyribonucleic acid (DNA) sequence 
comprising one or more double stranded regions and one or more single stranded 
regions; and ii) one or more oligonucleotide probes complementary to at least a 
portion of the folded target; and b) mixing the folded target and the one or more 
probes under conditions such that the probe hybridizes to the folded target to form 
a probe/folded target complex. The degree of complementarity between the probes 
and the target nucleic acids may be complete or partial (e.g., contain at leaskone 
mismatched base pair). The method is not limited by the nature of the target DNA 
employed to provide the folded target DNA. In one embodiment, the target DNA 
comprises single-stranded DNA. In another embodiment, the target DNA 
comprises double-stranded DNA. Folded target DNAs may be produced from 
either single-stranded or double-stranded target DNAs by denaturing (e.g., heating) 
the DNA and then permitting the DNA- to form intra-strand secondary structures. 
The method is not limited by the manner in which the folded target DNA is 
generated. The target DNA may be denatured by a variety of methods known to 
the art including heating, exposure to alkali, etc. and then permitted to renature 
under conditions that favor the formation of intra-strand duplexes (e.g., cooling, 
diluting the DNA solution, neutralizing the pH, etc.). 

The method is also not limited by the nature of the oligonucleotide probes; 
these probes may comprise DNA, RNA, PNA and combinations thereof as well as 
comprise modified nucleotides, universal bases, adducts, etc. 

In a preferred embodiment, the method further comprises detecting the 
presence of the probe/folded target complex. When a detection step is employed 
either the probe or the target DNA (or both) may comprise a label (z.e., a 
detectable moiety); the invention is not limited by the nature of the label employed 
or the location of the label (i.e., 5* end, 3' end, internal to the DNA sequence). A 
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wide variety of suitable labels are known to the art and include fluorescein, 
tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, digoxigenin, radioisotopes 
(e.g., 32 P, 35 S). In another preferred embodiment, the method further comprises 
quantitating the amount of probe/folded target complex formed. The method is not 
limited by the means used for quantification; when a labeled folded target DNA is 
employed (e.g., fluorescein or 32 P), the art knows means for quantification (e.g., 
determination of the amount of fluorescence or radioactivity present in the 
probe/folded target complex). 

In a preferred embodiment, the probe in the probe/folded target complex is 
hybridized to a single stranded region of the folded target. In another preferred 
embodiment, the probe comprises an oligonucleotide having a moiety that permits 
its capture by a solid support. The invention is not limited by the nature of the 
moiety employed to permit capture. Numerous suitable moieties are known to the 
art, including but not limited to, biotin, avidin and streptavidin. Further, it is 
known in the art that many small compounds, such as fluorescein and digoxigenin 
• may serve* as haptens for specific capture by appropriate antibodies. Protein . 
f ; - conjugates may also be used to allow specific capture by antibodies. 

In a preferred embodiment the detection of the presence of the probe/folded 
target complex comprises exposing the probe/folded target complex to a solid 
support under conditions such that the probe is captured by the solid support. As 
discussed in further detail below, numerous suitable solid supports are known to the 
art (e.g., beads, particles, dipsticks, wafers, chips, membranes or flat surfaces 
composed of agarose, nylon, plastics such as polystyrenes, glass or silicon) and 
may be employed in the present methods. 

In a particularly preferred embodiment, the moiety comprises a biotin 
moiety and the solid support comprises a surface having a compound capable of 
binding to the biotin moiety, the compound selected from the group consisting of 
avidin and streptavidin. 

In another embodiment, the folded target comprises a deoxyribonucleic acid 
sequence having a moiety that permits its capture by a solid support; as discussed 
above a number of suitable moieties are known and may be employed in the 
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present method. In yet another embodiment, the detection of the presence of the 
probe/folded target complex comprises exposing the probe/folded target complex to 
a solid support under conditions such that the folded target is captured by the solid 
support. In a preferred embodiment, the moiety comprises a biotin moiety and the 
solid support comprises a surface having a compound capable of binding to the 
biotin moiety, the compound selected from the group consisting of avidin and 
streptavidin. 

In a preferred embodiment, the probe is attached to a solid support; the 
probe is attached to the solid support in such a manner that the probe is available 
for hybridization with the folded target nucleic acid, the invention is not limited 
by the means employed to attach the probe to the solid support. The probe may be 
synthesized in situ on the solid support or the probe may be attached (post- 
synthesis) to the solid support via a moiety present on the probe (e.g., using a 
biotinylated probe and solid support comprising avidin or streptavidin). In another 
preferred embodiment, the folded target nucleic acid is attached to a solid support; 
this may be accomplished for example using moiety present on the folded target 
(e.g., using a biotinylated target nucleic acid and solid support comprising avidin or 
- - streptavidin). > •• ^ . . -. ; ^-.v ^->.^i^ 

The present invention also provides a method, comprising: a) providing: i) 
a first folded target having a nucleic acid sequence comprising first and second 
portions, the first and second portions each comprising one or more double 
stranded regions and one or more single stranded regions; ii) a second folded target 
having a nucleic acid sequence comprising a first portion that is identical to the 
first portion of the first folded target and a second portion that differs from the 
second portion of the first folded target because of a variation in nucleic acid 
sequence relative to the first folded target, the first and second portions each 
comprising one or more double stranded regions and one or more single stranded 
regions; iii) first and second oligonucleotide probes, the first oligonucleotide probe 
complementary to the first portion of the first and second folded targets and the 
second oligonucleotide probe complementary to the second portion of the first and 
second folded targets; and iv) a solid support comprising first, second, third and 
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fourth testing zones, each zone capable of capturing and immobilizing the first and ' 
second oligonucleotide probes; b) contacting the first folded target with the first 
oligonucleotide probe under conditions such that the first probe binds to the first 
folded target to form a probe/folded target complex in a first mixture; c) contacting 

5 the first folded target with the second oligonucleotide probes under conditions such 

that the second probe binds to the first folded target to form a probe/folded target 
complex in a second mixture; d) contacting the second folded target with the first 
oligonucleotide probe to form a third mixture; e) contacting the second folded 
target with the second oligonucleotide probe to form fourth mixture; and f) adding 

10 the first, second, third and fourth mixtures to the first, second, third and fourth 

testing zones of the solid support, respectively, under conditions such that the 
probes are captured and immobilized. The degree of complementarity between the 
probes and the target nucleic acids may be complete or partial (e.g., contain at least 
one mismatched base pair). 

15 In a preferred embodiment, the first probe in step d) does not substantially 

hybridize to the second folded target; that is while it is not required that absolutely 
no formation of a first probe/second folded target complex occurs, very little of this 
/ - complex is formed. In another preferred embodiment, the hybridization of the first 
probe in step d) to the second folded target is reduced relative to the hybridization 

20 of the first probe in step c) to the first folded target. j t 

The method is not limited by the nature of the first and second targets. The 
first and second targets may comprise double- or single-stranded DNA or RNA. 
The method is also not limited by the nature of the oligonucleotide probes; these 
probes may comprise DNA, RNA, PNA and combinations thereof as well as 

25 comprise modified nucleotides, universal bases, adducts, etc. In a preferred 

embodiment, the first and second oligonucleotide probes comprise DNA. 

The present invention further provides a method, comprising: a) providing: 
i) a first folded target having a nucleic acid sequence comprising first and second 
portions, the first and second portions each comprising one or more double 

30 stranded regions and one or more single stranded regions; ii) a second folded target 

having a nucleic acid sequence comprising a first portion that is identical to the 



-37- 



WO 98/50403 PCTAJS98/03194 

first portion of the first folded target and a second portion that differs from the 
second portion of the first folded target because of a variation in nucleic acid 
sequence relative to the first folded target, the first and second portions each 
comprising one or more double stranded regions and one or more single stranded 
regions; iii) a solid support comprising first and second testing zones, each of the 
zones comprising immobilized first and second oligonucleotide probes, the first 
oligonucleotide probe complementary to the first portion of the first and second 
folded targets and second oligonucleotide probe complementary to the second 
portion of the first and second folded targets; and b) contacting the first and second 
folded targets with the solid support under conditions such that the first and second 
probes hybridize to the first folded target to form a probe/folded target complex. 
The invention is not limited by the nature of the first and second folded targets. 
The first and second targets may be derived from double- or single-stranded DNA 
or RNA. The probes may be completely or partially complementary to the target 
nucleic acids. The method is also not limited by the nature of the oligonucleotide 
probes; these probes may comprise DNA, RNA, PNA and combinations thereof as 
well as comprise modified nucleotides, universal bases, adducts, etc. In a on 
yrv preferred embodiment, the first and second oligonucleotide probes comprise DNA. 
The invention is not limited by the nature of the solid support employed as ■>•■ 
discussed above. ; - ; r*\---n 

In a preferred embodiment, the contacting of step b) comprises adding the 
first folded target to the first testing zone and adding the second folded target to 
the second testing zone. In another preferred embodiment, the first and second 
probes are immobilized in separate portions of the testing zones. 

In a preferred embodiment, the first probe in the second testing zone does 
not substantially hybridize to the second folded target; that is while it is not 
required that absolutely no formation of a first probe/second folded target complex 
occurs, very little of this complex is formed. In another preferred embodiment, the 
first probe in the second testing zone hybridizes to the second folded target with a 
reduced efficiency compared to the hybridization of the first probe in first testing 
zone to the first folded target. 
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In one embodiment, the first and second folded targets comprise DNA. In 
another embodiment, the first and second folded targets comprise RNA. 

The present invention also provides a method for treating nucleic acid, 
comprising: a) providing: i) a nucleic acid target and ii) one or more 
oligonucleotide probes; b) treating the nucleic acid target and the probes under 
conditions such that the target forms one or more folded structures and interacts 
with one or more probes; and c) analyzing the complexes formed between the 
probes and the target. In a preferred embodiment, the method further comprises 
providing a solid support for the capture of the target/probe complexes. Such 
capture may occur after the formation of the structures, or either the probe or the 
target my be bound to the support before complex formation. 

The method is not limited by the nature of the nucleic acid target employed. 
In one embodiment, the nucleic acid of step (a) is substantially single-stranded. In 
another embodiment, the nucleic acid is RNA or DNA. It is contemplated that the 
nucleic acid target comprise a nucleotide analog, including but not limited to the 
■•it group comprising 7rdeaza-dATPy 7-deaza-dGTP and dUTP. The nucleic acid target 
: may;be double stranded. When double-stranded nucleic acid targets are employed, 
;>i the treating of step: (b) comprises: i) rendering the double-stranded nucleic acid 
j substantially single-stranded; and ii) exposing the single-stranded nucleic acid to 
conditions such that the single-stranded nucleic acid has secondary structure. The 
invention is not limited by the method employed to render the double-stranded 
nucleic acid substantially single-stranded; a variety of means known to the art may 
be employed. A preferred means for rendering double stranded nucleic acid 
substantially single-stranded is by the use of increased temperature. 

In a preferred embodiment, the method further comprises the step of 
detecting the one or more target/probe complexes. The invention is not limited by 
the methods used for the detection of the complex(es). 

It is contemplated that the methods of the present invention be used for the 
detection and identification of microorganisms. It is contemplated that the 
microorganism(s) of the present invention be selected from a variety of 
microorganisms; it is not intended that the present invention be limited to any 
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particular type of microorganism. Rather, it is intended that the present invention 
will be used with organisms including, but not limited to, bacteria, fungi, protozoa, 
ciliates, and viruses. It is not intended that the microorganisms be limited to a 
particular genus, species, strain, or serotype. Indeed, it is contemplated that the 
bacteria be selected from the group comprising, but not limited to members of the 
genera Campylobacter, Escherichia, Mycobacterium, Salmonella, Shigella, and 
Staphylococcus. In one preferred embodiment, the microorganism(s) comprise 
strains of multi-drug resistant Mycobacterium tuberculosis. It is also contemplated 
that the present invention be used with viruses, including but not limited to 
hepatitis C virus, human immunodeficiency virus, simian immunodeficiency virus, 
and influenza virus (e.g., influenza type A) t 

Another embodiment of the present invention contemplates a method for 
detecting and identifying strains of microorganisms, comprising the steps of 
extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 
oligonucleotide probes under conditions such that the extracted nucleic acid forms 
one or more secondary structures and interacts with one or more probes. In one 
embodiment, the method further comprises the step of capturing the complexes to a 
solid support. In yet another embodiment, the method farther comprises the step of 
detecting the captured complexes. In one preferred embodiment, the present 
invention further comprises comparing the detected from the extracted nucleic acid 
isolated from the sample with separated complexes derived from one or more 
reference microorganisms. In such a case the sequence of the nucleic acids from 
one or more reference microorganisms may be related but different (e.g., a wild 
type control for a mutant sequence or a known or previously characterized mutant 
sequence). 

In an alternative preferred embodiment, the present invention further 
comprises the step of isolating a polymorphic locus from the extracted nucleic acid 
after the extraction step, so as to generate a nucleic acid target, wherein the target 
is contacted with one or more probe oligonucleotides. In one embodiment, the 
isolation of a polymorphic locus is accomplished by polymerase chain reaction 



-40 - 



) ) 

WO 98/50403 PCT/US98/03194 
amplification. In an alternate embodiment, the polymerase chain reaction is 
conducted in the presence of a nucleotide analog, including but not limited to the 
group comprising 7-deaza-dATP, 7-deaza-dGTP and dUTP. It is contemplated that 
the polymerase chain reaction amplification will employ oligonucleotide primers 
5 matching or complementary to consensus gene sequences derived from the 

polymorphic locus. In one embodiment, the polymorphic locus comprises a 
ribosomal RNA gene. In a particularly preferred embodiment, the ribosomal RNA 
gene is a 16S ribosomal RNA gene. 

The present invention also contemplates a process for creating a record 

10 reference library of genetic fingerprints characteristic (i.e., diagnostic) of one or 

more alleles of the various microorganisms, comprising the steps of providing a 
nucleic acid target derived from microbial gene sequences; comprising the steps of 
extracting nucleic acid from a sample suspected of containing one or more 
microorganisms; and contacting the extracted nucleic acid with one or more 

15 oligonucleotide probes under conditions such that the extracted nucleic acid forms 

one or more secondary structures and interacts with one or more probes; detecting 
the captured complexes; and maintaining a testable record reference of the captured 

Complexes.^:.::;.;.;:: j-i .A*:<i ^iU^;-:, i.hK.k •J\A^'.-'juk\x''j\isj wftttufc MK 

By the term "genetic, fingerprint" it is meant that changes in the sequence of 
20 the nucleic acid (e:g- a deletion, insertion or a single point substitution) alter both 

the sequences detectable by standard base pairing, and alter the structures formed, 
thus changing the profile of interactions between the target and the probe 
oligonucleotides (e.g., altering the identity of the probes with which interaction 
occurs and/or altering the site/s or strength of the interaction). The measure of the 
25 identity of the probes bound and the strength of the interactions constitutes an 

informative profile that . can serve as a "fingerprint" of the nucleic acid, reflecting 
the sequence and allowing rapid detection and identification of variants. 

The methods of the present invention allow for simultaneous analysis of 
both strands (e.g., the sense and antisense strands) and are ideal for high-level 
30 multiplexing. The products produced are amenable to qualitative, quantitative and 

1 -J - — — I ***~J *s w MuvvillMlwu UltW mwj plUVUVVU 



-41 - 



WO 98/50403 PCIYUS98/03 1 94 

in solution or in the solid phase (e.g., on a solid support). The present methods are 
powerful in that they allow for analysis of longer fragments of nucleic acid than 
current methodologies. 

The present invention further provides methods for determination of 
structure formation in nucleic acid targets, comprising the steps of: a) providing: i) 
a folded target having a deoxyribonucleic acid sequence comprising one or more 
double stranded regions, and one or more single stranded regions, and further 
comprising two or more non-contiguous portions, and one or more intervening 
regions; and ii) one or more bridging oligonucleotide probes complementary to two 
or more non-contiguous portions of the folded target; and b) mixing the folded 
target and one or more bridging oligonucleotide probes under conditions such that 
the bridging oligonucleotide probes hybridize to the folded target to form a * 
probe/folded target complex. 

In preferred embodiments, the one or more intervening regions of the folded 
targets comprise at least five nucleotides. In yet other embodiments, either of the 
! , targets and/or either of the bridging oligonucleotides contain intervening regions 
^ ? comprised of non-nucleotide spacers of any length. In a preferred embodiment, the 
first and second oligonucleotide probes comprise DNA. In alternative } 
embodiments, the method further comprises detecting the presence of the 
^probe/folded target complex. In yet other embodiments, the method further 
comprises quantitating the amount of probe/folded target complex formed. In yet 
other embodiments of the method, the bridging oligonucleotide probe in the 
probe/folded target complex is hybridized to at least one single stranded region of 
the folded target. 

The method is not limited by the nature of the target DNA employed to 
provide the folded target DNA, nor is the method limited by the manner in which 
the folded target DNA is generated. The method is also not limited by the nature 
of the bridging oligonucleotide probes; these probes may comprise DNA, RNA, 
PNA and combinations thereof as well as comprise modified nucleotides, universal 
bases, adducts, etc. 
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In a preferred embodiment, the method further comprises detecting the 
presence of the probe/folded target complex. When a detection step is employed 
either the bridging oligonucleotide probe or the target DNA (or both) may comprise 
a label {i.e., a detectable moiety); the invention is not limited by the nature of the 
label employed or the location of the label (i.e., 5' end, 3' end, internal to the 
DNA sequence). A wide variety of suitable labels are known to the art and include 
fluorescein, tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, digoxigenin, 
radioisotopes {e.g., 32 P, 35 S). In another preferred embodiment, the method further 
comprises quantitating the amount of probe/folded target complex formed. The 
method is not limited by the means used for quantification; when a labeled folded 
target DNA is employed (e.g., fluorescein or 32 P), the art knows means for 
quantification {e.g., determination of the amount of fluorescence or radioactivity 
present in the probe/folded target complex). 

Detection of the probe/folded target complex may also involve a catalyzed 
reaction on the probe that can only occur upon binding. It is contemplated that 
such catalyzed reaction may be mediated by an enzyme. By way of example, but 
not by way of limitation, the bound bridging oligonucleotide probe may be 
^ extended by a DNA polymerase, joined to another nucleic acid by the action of a 
ligase, or cleaved by a structure-specific, nuclease. It is further contemplated that 
the catalytic action may be chemical, rather then enzymatic. ,; For example, the, 
cleavage of nucleic acid by compounds such as phenanthroline-Cu is specific for 
duplexed structures. It is contemplated that any chemical that can act upon nucleic 
acid in a manner that is responsive to the strandedness or other structural feature of 
the complex of the target may be used in the detection of the probe/folded target 
complex. 

It is contemplated that any catalyzed reaction that is specifically operative 
on a duplex formed between a target nucleic acid and a substantially 
complementary probe may be configured to perform on the bridging probe/folded 
target complex. 
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In another embodiment the bound probe may participate in a reaction 
requiring a one or more additional nucleic acids, such as ligation reaction a 
polymerase chain reaction, a 5' nuclease reaction, (Lyamichev et al, Science 260: 
778 [1993]; U.S. Patent No. 5,422,253, herein incorporated by reference), or an 
Invader™ invasive cleavage reaction (PCT International Application No. 
PCT/US97/01072 [WO 97/27214]; co-pending Application Serial Nos. 08/599,491, 
08/682,853, 08/756,386, 08/759,038, and 08/823,516, all of which are herein 
incorporated by reference). In one embodiment, the additional nucleic acid 
includes another hybridized probe. In another embodiment, the additional nucleic 
acid included the target. In a preferred embodiment, the additional nucleic acid 
includes a bridging oligonucleotide probe complementary to two or more non- 
contiguous portions of the folded target. 

It is contemplated that a nucleic acid on which the catalyzed reaction acts 
may be labeled. Thus detection of the complex on which the catalyzed reaction has 
acted may comprise detection of a labeled product or products of that reaction. 
The invention is not limited by the nature of the label used, including, but not 
limited to, labels which comprise a dye or a radionuclide (e g., 32 P), fluorescein 
moiety, a biotin moiety, luminogenic, fluorogenic, phosphorescent, or fluorophores 
in combination with moieties that can suppress emission by fluorescence resonance 
energy transfer (FRET)/ Numerous methods are available for the detection of 
nucleic acids containing any of the above-listed labels. For example, biotin-labeled 
oligonucleotide(s) may be detected using non-isotopic detection methods which 
employ streptavidin-alkaline phosphatase conjugates. Fluorescein-labeled i 
oligonucleotide(s) may be detected using a fluorescein-imager. The 
oligonucleotides may be labeled with different labels. The different labels may be 
present on the probe before the catalytic reaction. In this embodiment the release 
of the labels from attachment to the same complex (e.g., by FRET analysis), may 
be used to detect formation of the probe/folded target complex. Alternatively, one 
or more of the labels may be added to the complex as a result of the catalytic 
reaction (e.g., by ligation to a labeled nucleic acid or by polymerization using 
labeled nucleoside triphosphates). 
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It is also contemplated that labeled oligonucleotides (reacted or unreacted) 
may be separated by means other than electrophoresis. For example, biotin-labeled 
oligonucleotides may be separated from nucleic acid present in the reaction mixture 
using para-magnetic or magnetic beads, or particles which are coated with avidin 
(or streptavidin). In this manner, the biotinylated oligonucleotide/avidin-magnetic 
bead complex can be physically separated from the other components in the 
mixture by exposing the complexes to a magnetic field. Additionally, the signal 
from the reacted oligonucleotides may be resolved from that of the unreacted 
oligonucleotides without physical separation. For example, a change in size as may 
be caused by binding to another oligonucleotide, or by cleavage, ligation or 
polymerase extension of at least one nucleic acid in the complex, will change the 
rate of rotation in solution, allowing of fluorescently labeled complexes or product 
molecules to be detected by fluorescence polarization analysis. However, it is not 
intended that the means of analysis be limited to those methods of cited above. 
Those skilled in the art of nucleic acid analysis will appreciate that there are 
numerous additional methods for the analysis of both of labeled and unlabeled 
i; ■ nucleic acids that are readily adaptable for the detection of the probe/folded target 
jr. complexes of the; present invention, u ; J - , >: , 

In another preferred embodiment, the bridging oligonucleotide probe 
comprises a bridging oligonucleotide having a moiety that permits its capture by a 
solid support. The invention is not limited by the nature of the moiety employed 
to permit capture. Numerous suitable moieties are known to the art, including but 
not limited to, biotin, avidin and streptavidin. Further, it is known in the art that 
many small compounds, such as fluorescein and digoxigenin may serve as haptens 
for specific capture by appropriate antibodies. Protein conjugates may also be used 
to allow specific capture by antibodies. 

In a preferred embodiment the detection of the presence of the probe/folded 
target complex comprises exposing the probe/folded target complex to a solid 
support under conditions such that the bridging oligonucleotide probe is captured 
by the solid support. As discussed in further detail below, numerous suitable solid 
supports are known to the art (e.g., beads, particles, dipsticks, wafers, chips, 
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membranes or flat surfaces composed of agarose, nylon, plastics such as 
polystyrenes, glass or silicon) and may be employed in the present methods. 

In a particularly preferred embodiment, the moiety comprises a biotin 
moiety and the solid support comprises a surface having a compound capable of 
binding to the biotin moiety, the compound selected from the group consisting of 
avidin and streptavidin. 

In another embodiment, the folded target comprises a deoxyribonucleic acid 
sequence having a moiety that permits its capture by a solid support; as discussed 
above a number of suitable moieties are known and may be employed in the 
present method. In yet another embodiment, the detection of the presence of the 
probe/folded target complex comprises exposing the probe/folded target complex to 
a solid support under conditions such that the folded target is captured by thevsolid 
support. In a preferred embodiment, the moiety comprises a biotin moiety and the 
solid support comprises a surface having a compound capable of binding to the 
biotin moiety, the compound selected from the group consisting of avidin and 
streptavidin. 

. . ." In a preferred embodiment, the bridging oligonucleotide probe is attached to 
a solid support; the probe is attached to the solid support in such a manner that the 
bridging oligonucleotide probe is available for hybridization with the folded target 
nucleic acid. The invention is not limited by the means employed to attach the 
bridging oligonucleotide probe to the solid support. The bridging oligonucleotide 
probe may be synthesized in situ on the solid support or the probe may be attached 
(post-synthesis) to the solid support via a moiety present on the bridging 
oligonucleotide probe (e.g., using a biotinylated probe and solid support comprising 
avidin or streptavidin). In another preferred embodiment, the folded target nucleic 
acid is attached to a solid support; this may be accomplished for example using a 
moiety present on the folded target (e.g., using a biotinylated target nucleic acid 
and solid support comprising avidin or streptavidin). 

The present invention also provides methods for analyzing the structure of 
nucleic acid targets, comprising: a) providing: i) a first folded target having a 
nucleic acid sequence comprising first and second portions, the first and second 
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portions each comprising one or more double stranded regions and one or more 
single stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to the first portion of the first folded 
target and a second portion that differs from the second portion of the first folded 

5 target because of a variation in nucleic acid sequence relative to the first folded 

target, the first and second portions each comprising one or more double stranded 
regions and one or more single stranded regions; iii) first and second bridging 
oligonucleotides, wherein the first bridging oligonucleotide is complementary to the 
first portion of the first and second folded targets and the second bridging 

10 oligonucleotide is complementary to the second portion of the first and second 

folded targets; and iv) a solid support comprising first, second, third and fourth 
testing zones, each zone capable of capturing and immobilizing the first and second 
bridging oligonucleotides; b) contacting the first folded target with the first 
bridging oligonucleotide under conditions such that the first bridging 

15 oligonucleotide binds to the first folded target to form a probe/folded target 

.complex'in a first mixture; c) contacting the first folded target with the second 
• bridging oligonucleotide under conditions such that the second bridging 
oligonucleotide binds to the. first folded target to form a probe/folded target,, 
complex in a second mixture; d) contacting the second folded target with the first 

20 bridging oligonucleotide to form a third mixture; e) contacting the second folded 

target with the second bridging oligonucleotide to form fourth mixture; and f) 
adding the first, second, third and fourth mixtures to the first, second, third and 
fourth testing zones of the solid support, respectively, under conditions such that 
the first and second bridging oligonucleotides are captured and immobilized. 

25 The method is not limited by the nature of the first and second targets. The 

first and/or second target may comprise one or more non-contiguous regions, as 
well as one or more intervening regions. In preferred embodiments, the intervening 
regions comprise at least five nucleotides. The method is also not limited by the 
nature of the bridging oligonucleotide probes; these bridging oligonucleotide probes 

30 may comprise DNA, RNA, PNA and combinations thereof as well as comprise 

modified nucleotides, universal bases, adducts, etc. In some embodiments, the first 
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and/or second bridging oligonucleotide probes comprise one or more intervening 
regions. In alternative embodiments, the intervening region of the bridging 
oligonucleotide probes comprises at least two nucleotides. In yet other 
embodiments, either of the targets and/or either of the bridging oligonucleotides 
contain intervening regions comprised of non-nucleotide spacers of any length. In 
a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. In a preferred embodiment, the first and second bridging oligonucleotide 
probes comprise DNA. 

In alternative embodiments, the first bridging oligonucleotide in step d) does 
not substantially hybridize to the second folded target. In yet another embodiment, 
the hybridization of the first bridging oligonucleotide in step d) to the second 
folded target is reduced relative to the hybridization of the first bridging 
oligonucleotide in step c) to the first folded target. In further embodiments, the 
first and second targets comprise DNA, and/or the first and second bridging 
oligonucleotides comprise DNA. 

; a.v The present invention also provides methods for analyzing folded nucleic 
acid targets,' comprising: a) providing: i) a first folded target having a nucleic acid 
sequence comprising first and second-portions, wherein the first and second 
portions- each comprise one or more double stranded regions and one or more 
single- stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to the first portion of the first folded 
target, and a second portion that differs from the second portion of the first folded 
target because of a variation in nucleic acid sequence relative to the first folded 
target, the first and second portions each comprising one or more double stranded 
regions and one or more single stranded regions; iii) a solid support comprising 
first and second testing zones, each of the zones comprising immobilized first and 
second bridging oligonucleotides, the first bridging oligonucleotide being 
complementary to the first portion of the first and second folded targets and second 
bridging oligonucleotide being complementary to the second portion of the first and 
second folded targets; and b) contacting the first and second folded targets with the 
solid support under conditions such that the first and second bridging 
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oligonucleotides hybridize to the first folded target to form a probe/folded target 
complex. 

In some embodiments, the contacting of step b) comprises adding the first 
folded target to the first testing zone and adding the second folded target to the 
second testing zone. In alternative embodiments, the first and second bridging 
oligonucleotides are immobilized in separate portions of the testing zones. In yet 
other embodiments, the first bridging oligonucleotide in the second testing zone 
does not substantially hybridize to the second folded target In further 
embodiments, the first bridging oligonucleotide in the second testing zone 
hybridizes to the second folded target with a reduced efficiency compared to the 
hybridization of the first bridging oligonucleotide in first testing zone to the first 
folded targetThe method is not limited by the nature of, nor the method of 
generating the first and second folded targets. The method is also not limited by 
the nature of, or the method of generating the oligonucleotide probes; these probes 
may comprise DNA, RNA, PNA and combinations thereof as well as comprise 

,. i. modified nucleotides, universal bases, adducts, etc. In some embodiments, the first 
and/or second folded target comprises one or more intervening region comprised of 
at least five nucleotides. In yet other embodiments, the first and/or second bridging 
oligonucleotide probe comprises one or more intervening regions comprised of at 

*£>■• o least two nucleotides. In yet:other embodiments, either of the targets and/or either 
of the bridging oligonucleotides contain intervening regions comprised of non- 
nucleotide spacers of any length. In a preferred embodiment, the first and second 
oligonucleotide probes comprise DNA. The invention is not limited by the nature 
of the solid support employed as discussed above. In some preferred embodiments 
of the method, the first and second folded targets comprise DNA. In alternative 
embodiments, the first and second folded targets comprise RNA. In yet other 
embodiments, the first and second bridging oligonucleotides comprise DNA. 

The present invention provides methods for detection of structured nucleic 
acid targets, comprising the steps of: a) providing: i) a folded target having a 
nucleic acid sequence comprising one or more double stranded regions, and one or 
more single stranded regions, and further comprising two or more non-contiguous 



-49- 



WO 98/50403 PCT/US98/03194 

portions, and one or more intervening regions; ii) at least one bridging, 
oligonucleotide probe capable of binding to two or more non-contiguous portions 
of said folded target; and iii) a reactant; b) mixing said folded target and said probe 
under conditions such that said probe hybridizes to said folded target to form a 
probe/folded target complex; and c) treating said probe/folded target complex with 
said reactant to produce at least one modified probe. In one embodiment the 
method further provides for the detection of said modified probe. 

The present invention further provides a method, comprising: a) providing 
target nucleic acid comprising first and second non-contiguous single-stranded 
regions separated by an intervening region comprising a double-stranded portion; a 
bridging oligonucleotide capable of binding to said first and second non-contiguous 
single-stranded regions; and a reactant selected from the group consisting of 
polymerases and ligases; and mixing said target nucleic acid, said bridging 
oligonucleotide and said reactant under conditions such that said bridging 
oligonucleotide is modified to produce a modified oligonucleotide. 

In some embodiments of the methods, the reactant is a polymerase, while in 
yet other embodiments,: the modified oligonucleotide comprises an extended 
oligonucleotide, In still other embodiments, the reactant is a polymerase and the 
modified oligonucleotide comprises extended oligonucleotide. In yet other 
embodiments, the reactant is a ligase, while in yet other embodiments, the modified 
oligonucleotide comprises a ligated oligonucleotide. In still other embodiments, the 
reactant is a ligase and the modified oligonucleotide comprises a ligated 
oligonucleotide. 

In yet other embodiments of the method, the bridging oligonucleotide is 
capable of binding to fewer than ten nucleotides of each of said first and second 
non-contiguous single-stranded regions. In still other embodiments, the bridging 
oligonucleotide is capable of binding to eight or fewer nucleotides of each of said 
first and second non-contiguous single-stranded regions. 

In further embodiments of the method the target nucleic acid is DNA, while 
in some preferred embodiments, the DNA is viral DNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Parvoviridae, 
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Papovaviridae, Adenoviridae, Hepadnaviridae, Herpesviridae, Iridoviridae, and 
Poxviridae. For example, it is intended that the present invention encompass 
methods for the detection of any DNA-containing virus, including, but not limited 
to parvoviruses, dependoviruses, papillomaviruses, polyomaviruses, 
5 mastadenoviruses, aviadenoviruses, hepadnaviruses, simplexviruses [such as herpes 

simplex virus 1 and 2], varicelloviruses, cytomegaloviruses, muromegaloviruses, 
lymphocryptoviruses, thetalymphocryptoviruses, rhadinoviruses, iridoviruses, 
ranaviruses, pisciniviruses, orthopoxviruses, parapoxviruses, avipoxviruses, 
capripoxviruses, leporipoxviruses, suipoxviruses, yatapoxviruses, and 
10 mulluscipoxvirus). Thus, it is not intended that the present invention be limited to 

any DNA virus family. 

In further embodiments of the method the target nucleic acid is RNA, while 
in some preferred embodiments, the RNA is viral RNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Picornaviridae, 
15 Caliciviridae, Reoviridae, Togaviridae, Flaviviridae, Orthomyxoviridae, 

Paramyxoviridae, Arenaviridae, Rhabdoviridae, Coronaviridae, Bunyaviridae, and 
Metroviridae. For example, it is intended that the present invention encompass 
methods for the detection of RNA-containing virus, including, but not limited to 
enteroviruses (e.g., polioviruses, Coxsackieviruses, echoviruses, enteroviruses, 
20 '.hepatitis A virus, encephalomyocarditis virus, mengovirus, rhinoviruses, and 
aphthoviruses), caliciviruses, reoviruses, orbiviruses, rotaviruses, birnaviruses, 
alphaviruses, rubiviruses, pestiviruses, flaviviruses {e.g., hepatitis C virus, yellow 
fever viruses, dengue, Japanese, Murray Valley, and St. Louis encephalitis viruses, 
West Nile fever virus, Kyanasur Forest disease virus, Omsk hemorrhagic fever 
25 virus, European and Far Eastern tick-borne encephalitis viruses, and louping ill 

virus), influenzaviruses (e.g, types A, B, and C), paramyxoviruses, morbilliviruses, 
pneumoviruses, veisculoviruses, lyssaviruses, filoviruses, coronaviruses, 
bunyaviruses, phleboviruses, nairoviruses, uukuviruses, hantaviruses, sarcoma and 
leukemia viruses, oncoviruses, HTLV, spumaviruses, lentiviruses, and arenaviruses). 
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The present invention also provides a method, comprising: a) providing 
target nucleic acid comprising first and second non-contiguous single-stranded 
regions separated by an intervening region comprising a double-stranded region; a 
bridging oligonucleotide capable of binding to said first and second non-contiguous 
single-stranded regions; a second oligonucleotide capable of binding to a portion of 
said first non-contiguous single-stranded region; and a cleavage means; b) mixing 
said target nucleic acid, said bridging oligonucleotide, said second oligonucleotide, 
and said cleavage means under conditions such that either said second 
oligonucleotide or said bridging oligonucleotide is cleaved. 

In some preferred embodiments, the cleavage means comprises a nuclease. 
In other preferred embodiments, the cleavage means comprises a thermostable ,5' 
nuclease. In still other preferred embodiments, the thermostable 5' nuclease 
comprises an altered polymerase derived from a native polymerases of Thermus 
species. 

In other embodiments of the method, the conditions of mixing allow for 
hybridization of said bridging oligonucleotide and said second oligonucleotide to 
said target nucleic acid so as to define a region of overlap of said oligonucleotides. 
In some embodiments, the region of overlap comprises one base, while in other 
embodiments, the region of overlap comprises more than one base. 

ii : In further embodiments of the method the target nucleic acid is DNA, while 
in some preferred embodiments, the DNA is viral DNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Parvoviridae, 
Papovaviridae, Adenoviridae, Hepadnaviridae, Herpesviridae, Iridoviridae, and. 
Poxviridae. For example, it is intended that the present invention encompass 
methods for the detection of any DNA-containing virus, including, but not limited 
to parvoviruses, dependoviruses, papillomaviruses, polyomaviruses, 
mastadenoviruses, aviadenoviruses, hepadnaviruses, simplexviruses [such as herpes 
simplex virus 1 and 2], varicelloviruses, cytomegaloviruses, muromegaloviruses, 
lymphocryptoviruses, thetalymphocryptoviruses, rhadinoviruses, iridoviruses, 
ranaviruses, pisciniviruses, orthopoxviruses, parapoxviruses, avipoxviruses, 
capripoxviruses, leporipoxviruses, suipoxviruses, yatapoxviruses, and 
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mulluscipoxvirus). Thus, it is not intended that the present invention be limited to 
any DNA virus family. 

In further embodiments of the method the target nucleic acid is RNA, while 
in some preferred embodiments, the RNA is viral RNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Picornaviridae, 
Caliciviridae, Reoviridae, Togavihdae, Flaviviridae, Orthomyxoviridae, 
Paramyxoviridae, Arenaviridae, Rhabdoviridae, Coronaviridae, Bunyaviridae, and 
Retroviridae. For example, it is intended that the present invention encompass 
methods for the detection of RNA-containing virus, including, but not limited to 
enteroviruses (e.g., polioviruses, Coxsackieviruses, echoviruses, enteroviruses, 
hepatitis A virus, encephalomyocarditis virus, mengovirus, rhinoviruses, and 
aphthoviruses), caliciviruses, reoviruses, orbiviruses, rotaviruses, birnaviruses, 
alphaviruses, rubiviruses, pestiviruses, flaviviruses ([e.g., hepatitis C virus, yellow 
fever viruses, dengue, Japanese, Murray Valley, and St. Louis encephalitis viruses, 
West Nile fever virus, Kyanasur Forest disease virus, Omsk hemorrhagic fever 
virus, European and Far Eastern tick-borne encephalitis viruses, and louping ill 
virus], influenzaviruses (e g, types A, B, and C), paramyxoviruses, morbilliviruses, 
pneumoviruses ■ veisculoviruses, lyssaviruses, filoviruses, coronaviruses, 
bunyaviruses, phleboviruses, nairoviruses, uukuviruses, hantaviruses, sarcoma and 
leukemia viruses, oncoviruses, HTLV, spumaviruses, Antiviruses, and arenaviruses). 

The present invention also provides a method, comprising: a) providing 
target nucleic acid comprising first and second non-contiguous single-stranded 
regions separated by an intervening region, said intervening region comprising a 
first double-stranded portion and a second double-stranded portion separated by a 
connecting single-stranded portion; and a bridging oligonucleotide capable of 
binding to said first and second non-contiguous single-stranded regions; and b) 
mixing said target nucleic acid and said bridging oligonucleotide under conditions 
such that said bridging oligonucleotide hybridizes to said target to form an 
oligonucleotide/target complex. 
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In farther embodiments of the method the target nucleic acid is 
DNA, while in some preferred embodiments, the DNA is viral DNA. In yet other 
preferred embodiments, the virus is selected from the group consisting of 
Parvoviridae, Papovaviridae, Adenoviridae, Hepadnaviridae, Herpesviridae, 
Iridoviridae, and Poxviridae. For example, it is intended that the present invention 
encompass methods for the detection of any DNA-containing virus, including, but 
not limited to parvoviruses, dependoviruses, papillomaviruses, polyomaviruses, 
mastadenoviruses, aviadenoviruses, hepadnaviruses, simplexviruses [such as herpes 
simplex virus 1 and 2], varicelloviruses, cytomegaloviruses, muromegaloviruses, 
lymphocryptoviruses, thetalymphocryptoviruses, rhadinoviruses, iridoviruses, 
ranaviruses, pisciniviruses, orthopoxviruses, parapoxviruses, avipoxviruses, 
capripoxviruses, leporipoxviruses, suipoxviruses, yatapoxviruses, and 
mulluscipoxvirus). Thus, it is not intended that the present invention be limited to 
any DNA virus family. 

In further embodiments of the method the target nucleic acid is RNA, while 
in some preferred embodiments, the RNA is viral : RNA. In yet other preferred 
embodiments, the virus is selected from the group consisting oiPicornaviridae, 
Caliciviridae; Reoviridae, Togaviridae, Flaviviridae, Orthomyxoviridae,* .r.^mv. 
Paramyxoviridae, Arenaviridae, Rhabdoviridae, Coronaviridae, Bunyaviridae, and 
Retroviridae* For example, it is intended that the present invention encompass 
methods for the detection of RNA-containing virus, including, but not limited to 
enteroviruses (e.g., polioviruses, Coxsackieviruses, echoviruses, enteroviruses, 
hepatitis A virus, encephalomyocarditis virus, mengovirus, rhinoviruses, and 
aphthoviruses), caliciviruses, reoviruses, orbiviruses, rotaviruses, birnaviruses, 
alphaviruses, rubiviruses, pestiviruses, flaviviruses (e.g., hepatitis C virus, yellow 
fever viruses, dengue, Japanese, Murray Valley, and St. Louis encephalitis viruses, 
West Nile fever virus, Kyanasur Forest disease virus, Omsk hemorrhagic fever 
virus, European and Far Eastern tick-borne encephalitis viruses, and louping ill 
virus), influenzaviruses (e.g types A, B, and C), paramyxoviruses, morbilliviruses, 
pneumoviruses, veisculoviruses, lyssaviruses, filoviruses, coronaviruses, 
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bunyaviruses, phleboviruses, nairoviruses, uukuviruses, hantaviruses, sarcoma and 
leukemia viruses, oncoviruses, HTLV, spumaviruses, Antiviruses, and arenaviruses). 

The present invention further provides a method for the analysis of nucleic 
acid structures comprising; providing a sequence data input means (defined as any 
means [e.g., a computer input device and software for receiving and storing the 
sequence information] for entering nucleic acid sequence information into a device 
capable of storing and/or processing the data), a cleavage data input means (defined 
as any means [e.g., a computer input device and software for receiving and storing 
the sequence information] for entering information regarding the location of a 
cleavage site in a nucleic acid into a device capable of storing and/or processing the 
data), and a nucleic acid structure prediction means (defined as any means [e.g., 
software designed to predict the structure of nucleic acids or proteins based on 
sequence data and other data inputs] capable of predicting nucleic acid sequence 
based on input data); providing nucleic acid sequence data (defined as any data 
relating to the sequence of one or more nucleic acid compositions) to said sequence 
data input means to produce sequence data results; providing structure-specific., 
- cleavage data (defined as any data relating to the cleavage status of one or more 
ax nucleic acid compositions) to. said cleavage data input means to produce cleavage 
data results; and providing said sequence data results and said cleavage data results 
to said nucleic acid structure prediction means to produce a predicted nucleic acid 
structure (defined as any structure capable of interpretation by users [e.g., a 
pictographic display] or by a device capable of relaying the structural information 
to a user in any interpretable form). 

In some embodiments, the present invention futher provides methods for the 
analysis of nucleic acid structures comprising the steps of e) providing a basepair 
data input means and a second nucleic acid structure prediction means; f) 
providing basepair data to said basepair data input means to produce basepair data 
results; and g) providing said sequence data results, said cleavage data results, and 
said basepair data results to said second nucleic acid structure prediction means to 
produce a second predicted nucleic acid structure. 



- 55 - 



WO 98/50403 PCT/US98/03194 

DESCRIPTION OF THE FIGURES 

Figure 1 provides a schematic of one embodiment of the detection methods 
of the present invention. 

Figures 2A-2D provide a schematic of representation of a segment of the 

5 katG gene from M. tuberculosis. Depending on the sequence, the segment of the 

DNA can form the stem-loop structures depicted in 2C and 2D. The arrows in 2C 
and 2D show the sites that are cleaved when these structures are treated by the 
structure specific Cleavase® I nuclease. The black bar to the left of each structure 
indicates the region to which the katG probe would bind, with the pointed kink in 

10 the bar indicating a site of mismatch between the probe and the katG target. 

Figures 2A-2D show portions of SEQ ID NOS:l-4 (structures 2A-2D, respectively). 

Figure 3 shows at left a fluorescence imager scan of the cleavage patterns 
generated using the CFLP® method on the katG substrates. The letters above the 
lanes indicate that these DNA fragments contain to the corresponding structures 

15 diagrammed in Figure 2. An arrow indicates the 37 nucleotide (nt) product of 

cleavage at the site indicated by the arrows in Figure 2. The graph at the right 
depicts the fluorescence intensity measured when each of the molecules depicted in 
Figure 2 was complexed to the katG capture probe and bound to a solid support in 
a structure probing assay. 

20 'jh>. -if. Figure 4 show a graph that depicts the fluorescence intensity measured 
when two variants of the katG target DNA with different amounts of flanking 
sequence were bound to a microtiter plate using a single capture probe. 

Figure 5 shows an analysis of several types of HCV by both the CFLP® 
method and by DNA sequencing. The sequence lanes were resolved beside the 

25 lanes showing the products of CFLP® cleavage. This allowed precise identification 

of the sites cleaved, and therefore the regions of structure, in the analysis of each 
of the HCV genotypes. The probes selected to interact in these regions are 
indicated to the right (SEQ ID NOS:ll-19). 

Figure 6 provides an alignment of sequences that have been determined for 

30 the HCV genotypes examined in Example 3. The sites within the HCV targets 

which the probes have been designed to complement are underlined and shown in 
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bold. The numbers of the probes are indicated above each site. SEQ ID NOS:20- 
23 are shown in Figure 6. 

Figure 7 shows four graphs depicting the fluorescence signal measured after 
the solid support capture of the indicated HCV types by the indicated probes. 

Figures 8A, B and C show graphs depicting the fluorescence signal 
measured after the solid support capture of the indicated HCV types by the 
indicated probes, at temperatures ranging from room temperature (approximately 
22°C) to 50°C. 

Figures 9A-9D show graphs depicting the fluorescence signal measured after 
the solid support capture of different HCV types from clinical samples, by the 
indicated probes. 

Figure 10 shows schematic representations of the folded structures that 
would be assumed by each of the three test molecules, #80 (SEQ ID NO:39), #81 
(SEQ ID NO:40) and #82 (SEQ ID NO:41). 

Figure 11A and 1 IB show schematic representations of the capture 
oligonucleotides used in these studies. While are were tested with all three of the 
test molecules depicted in Figure 10, for convenience they are shown aligned with 
their complementary regions in test molecule #80 (SEQ ID NO:39). 

Figures 12A-12D show graphs depicting the fluorescence signal measured 
after the solid support capture of the three test molecules, #80 (SEQ ID NO:39), 
#81 (SEQ ID NO:40), and #82 (SEQ ID NO:41) by the indicated probes. The 
wider fourth panel (Figure 12D), shows the fluorescence signal from each of the 
first three panels re-drawn together on a single scale of fluorescence intensity, for 
ease of comparison. 

Figures 13A and 13B show graphs depicting the fluorescence signal 
measured after the solid support capture of the three test molecules, #80 (SEQ ID 
NO:39), #81 (SEQ ID NO:40), and #82 (SEQ ID NO:41) by the indicated probes. 
The names of the probes used in each capture test are indicated above each 
individual panel in these Figure panels. 

Figure 14 shows a schematic diagram of the process for selecting two 
segments of bridging oligonucleotide based on the data from the use of 5' and 3' 



-57- 



WO 98/50403 PCT/US98/03194 

nucleases to cleave a folded structure. Such cleavage reactions can be used to 
locate regions that are either upstream and downstream of folded structures, 
facilitating selection of complementary sequences to compose bridging 
oligonucleotides. 

Figure 15 shows an alignment of four 244 nt segments of HCV, 
representing types la, lb, 2a/c and 3a. Type la is shown in its entirety, while only 
the differences are indicated for the other types. Cleavage sites generated by 
CFLP® cleavage are indicated by vertical lines along the sequence, with the 
weakest cleavage sites shown as broken lines. 

Figure 16A and 16B show schematic diagrams of two possible secondary 
structures for a 244 nt fragment derived from HCV type la 

Figure 17A shows an analysis by the CFLP® method of a 244 nt fragment 
derived from HCV type la and two 205 nt truncated fragments. The sizes of the 
significant cleavage bands are indicated to the right of the panel 

Figure 17B shows schematic diagrams of two of the predicted structures for 
a region of the 244 nt amplicon derived from HCV type la. The CFLP® data 
i indicates that the target DNA assumes multiple conformations in solution, each 
contributing to the cleavage pattern (Brow et ai 9 supra) m 

Figure 17C shows schematic diagram of three bridging oligonucleotides 
designed two interact with the predicted structures for this region (SEQ ID 
NOS:53, 64, and 65). The regions that are complementary as aligned to the target 
are indicated by a black line between the strands. 

Figure 18A-D show schematic diagrams of the predicted structures for a 
region of the 244 nt amplicon derived from HCV types la, lb, 2a/c and 3a, 
respectively. In 18 B-D the bases that differ from the type la sequence are shown 
in bold. Each is aligned with bridging oligonucleotides of six different designs 
(SED ID NOS:53, 54, 55, 56, 57, and 58). The regions that are complementary as 
aligned to the target are indicated by a black line between the strands. The 3' 
terminal contact sequence of each probe (excepting V) is complementary to eight 
contiguous target bases upstream of the right most stem, but representation of the 
small central stem prevents showing this alignment. 
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Figures 19 shows graphs depicting the fluorescence signal measured after 
the solid support capture of the amplicons derived from HCV types la, lb, 2a/c 
and 3a by the indicated probes. The letters identifying the probes used in each 
capture test are indicated below each bar, and the signal in arbitrary fluorescence 
units is shown on the left of each panel 

Figure 20A shows a schematic diagram of a structure in the amplicon 
derived from HCV type la aligned with non-bridging probes "a" and V and 
bridging probes "b" - "d". The regions that are complementary as aligned to the 
target are indicated by a black line between the strands. 

Figure 20B shows a schematic diagram of a structure in the amplicon 
derived from HCV type la as it might be expected to pair with the fully 
complementary non-bridging oligonucleotide "a" (SEQ ID NO:52). The regions 
that are complementary as aligned to the target are indicated by a black line 
between the strands. 

Figure 21 shows a fluorescence imager scan of the products of primer 
extension reactions using the probes depicted in Figure 20A and the folded target 
strands derived from HCV types la, lb* 2a/c and 3a, or using human genomic 
DNA as a control, as indicated above each lane. An arrow indicates the 170>i- 
nucleotide (nt) product of extension. 

Figure 22 shows a schematic diagram of a structure in the amplicon derived 
from HCV type la aligned with non-bridging probes V and V and bridging 
probe V (SEQ ID NOS:52, 53, and 59, respectively). The regions that are 
complementary as aligned to the target are indicated by a black line between the 
strands. 

Figure 23 shows a fluorescence imager scan of the products of primer 
extension reactions using the probes and target depicted in Figure 22 in reactions 
performed over a range of temperatures. The temperatures of each reaction are 
indicated at the top of the panel, and the unreacted probes are indicated by arrows 
and their letters on the left. An arrow indicates the 170 nucleotide (nt) product of 
extension. 
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Figure 24 shows a schematic diagram of a structure in the amplicon derived 
from HCV type la aligned with non-bridging probes "a" and V and bridging 
probes "b" - H d" and ligation oligonucleotide T (SEQ ID NOS:52, 59, 53, 57, 58, 
and 62, respectively). The regions that are complementary as aligned to the target 
are indicated by a black line between the strands. 

Figures 25 shows graphs depicting the fluorescence signal measured after 
the solid support capture of the amplicons derived from HCV types la, lb, 2a/c 
and 3a by the indicated probes and combinations of probes. The letters identifying 
the probes used in each capture test are indicated below each bar, and the signal in 
arbitrary fluorescence units is shown on the left of each panel. 

Figure 26 shows a schematic diagram of an unstructured synthetic target 
(SEQ ID NO:63) aligned with non-bridging probes "a" and V and bridging probes 
"b n - "d" and ligation oligonucleotide T (SEQ ID NOS:52, 59, 53, 57, and 58, 
respectively). The regions that are complementary as aligned to the target are 
indicated by a black line between the strands. 

..v:, - Figure 27 shows a fluorescence imager scan of the products of ligation; 
reactions using the probes and targets depicted in Figures 24 and 26. The 
unreacted probes are indicated at 8 and 18 ntby arrows on Ae left. Arrows 
indicates the 33 nt product of ligation between the probe T. and V, "b", "c M or 
"d", and the 23 nt product of ligation between "f - and VV 

Figure 28 shows a fluorescence imager scan of the products of ligation 
reactions using the ligation probe T and the bridging probe "b" in reactions 
performed at various temperatures, using target amplicons derived from HCV types 
la, lb, 2a/c and 3a. Arrows on the left indicate the unreacted probe at 18 nt the 
product of ligation at 33 nt. 

Figures 29A and 29B shows a schematic diagram of either a structure in 
the amplicon derived from HCV type la, or an unstructured synthetic target (SEQ 
ID NO:63) respectively, aligned with non-bridging probes "a" and V, bridging 
probes "b" - "d" and invasive cleavage probe "g" (SEQ ID NOS:52, 53, 57, 59, and 
58, respectively). The regions that are complementary as aligned to the targets are 
indicated by a black line between the strands. 
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Figure 30 shows a fluorescence imager scan of the products of invasive 
cleavage reactions using the probes and targets depicted in Figures 29A and 29B. 
The identities of the target DNA and probes used in each reaction (in addition to 
the cleavage probe "g"; SEQ ID NO:60) are indicted above each lane, and the 
5 unreacted probes are indicated by arrows and their letters on the left. An arrow 

indicates the 4 nucleotide (nt) product of cleavage. 

Figure 31 shows a schematic diagram of a structure in the amplicon derived 
from HCV type la aligned with bridging probe "b" (SEQ ID NO:53) and invasive 
cleavage probe "h" (SEQ ID NO:61). The regions that are complementary as 
10 aligned to the target are indicated by a black line between the strands. 

Figure 32 shows a fluorescence imager scan of the products of invasive 
cleavage reactions using the probes and target depicted in Figure 31, in reactions 
performed over a range of temperatures, as indicated above the lanes. The 
identities of the target DNA and probes used in each reaction (in addition to the 
15 cleavage probe "h"; SEQ ID NO:61) are indicted above each lane, and the 

j unreacted probes are indicated by arrows, and their letters on the right : An arrow 
indicatesthe 4 nucleotide (nt) product of cleavage. .v* 

Figure 33 shows a fluorescence imager scan of the. products of invasive 
cleavage reactions using the probes and targets depicted in 29A and 31. The 
20 : identities of -the target DNA and probes used in each reaction are indicted above 
each lane, and the cleavage probes used ate indicated below the lanes. The 
unreacted probes are indicated, by arrows and their letters on either side and arrows 
indicate the 4 nucleotide (nt) product of cleavage. 

Figure 34 is a schematic diagram showing one example of the use of 
25 bridging oligonucleotides as primers in a polymerase chain reaction. The "a-e" 

designations in this Figure are used to indicate the general steps in the reaction. 

Figure 35 is a schematic diagram showing two examples of target-dependent 
ligation of bridging oligonucleotides, with subsequent detection of the bridged 
ligation product by a ligase chain reaction. The "a-c" designations in this Figure 
30 are used to indicate the steps in the reaction, with either step a or b being followed 

by step c {i.e., b does not follow a in the progression of the steps). 
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Figure 36 shows a fluorescence imager scan of the cleavage patterns 
generated using the CFLP® method on a 128 nucleotide fragment derived from the 
rpoB gene of M tuberculosis (right lane). A marker having fragments of the 
indicated sizes (in nucleotides) is shown in the left lane and the sizes of the 
significant cleavage bands from the rpoB fragment are indicated to the right of the 
panel. 

Figure 37A shows two schematic diagrams of two possible secondary 
structures for a 128 nucleotide fragment derived from the rpoB gene of M 
tuberculosis. 

Figure 37B shows four schematic diagrams; one is of the stem predicted to 
fold when nucleotide 62 of the rpoB amplicon is basepaired to nucleotide 1 14; 
three variant molecules, indicated as 1, 2, and 3, are also depicted. 

Figure 37C shows a schematic diagram of a structured site in the amplicon 
derived from the rpoB gene of M tuberculosis having a basepair between 
nucleotides 62 and 114, aligned with bridging probes having different spacer 
regions (SEQ ID NOS:106, 107, 108, and 109). The regions of the target that are 
complementary to the probes are indicated by a black line below the target 
structure. A graph depicts the fluorescence signal measured after the solid support 
capture of this amplicon by the indicated probes. The numbers identifying the 
probes used in each capture test are indicated above each bar and the spacer in each 
probe is indicated below each bar. The fluorescence signal is shown on the left of 
the panel as a percentage of the signal measured in experiments using a linear 
(non-bridging) control probe for capture of this target. 

Figure 38 A shows schematic diagrams of a three structured sites in the 
amplicon derived from the rpoB gene of M tuberculosis aligned with bridging 
probes 17 -20 (SEQ ID NOS:110, 111, 112, and 113). The regions that are 
complementary as aligned to the target are indicated by a black line between the 
strands. A graph depicts the fluorescence signal measured after the solid support 
capture of these amplicons by the indicated probes. The numbers identifying the 
probes used in each capture test are indicated below each bar, and the fluorescence 
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signal is shown on the left of the panel as a percentage of the signal measured in 
experiments using a linear (non-bridging) control probe for capture of these targets. 

Figure 38B shows schematic diagrams of two structured sites in the 
amplicon derived from the rpoB gene of M. tuberculosis aligned with bridging 
5 probes 78-106 and 63-87 (SEQ ID NOs:l 14 and 1 15, respectively). The regions 

that are complementary as aligned to the target are indicated by a black line 
between the strands. A graph depicts the fluorescence signal measured after the 
solid support capture of this amplicon by the indicated probe. The numbers 
identifying the probes used in each capture test are indicated below each bar, and 

10 the fluorescence signal is shown on the left of the panel as a percentage of the 

signal measured in experiments using a linear (non-bridging) control probe for 
capture of this target. 

Figure 38C shows schematic diagrams of three structured sites in the 
amplicon derived from the rpoB gene of A£ tuberculosis aligned with bridging 

15 probes 84-102, 57-1 19 or 84-102 (SEQ ID NOs:l 16, 1 17, and 1 18, respectively). 

The regions that are complementary as aligned to the target are indicated . by a 
black line between the strands.* A graph depicts the fluorescence signal measured 
after the solid support capture; of this amplicon by the indicated probe. .The. !4 - 
numbers identifying the probes used in each capture test are indicated below each 

20 bar, and the fluorescence signal is shown on the left of the panel as a percentage of 

the signal measured in experiments using a linear (non-bridging) control probe for 
capture of this target 

Figure 39 shows schematic diagrams of three possible structures ("a", H b", 
and "c") formed by the amplicon derived from the rpoB gene of M. tuberculosis. 

25 Each of these three structures could cause CFLP® cleavage 62 to 63 nucleotides 

from the 5' end of this fragment, contributing signal in this region of the CFLP® 
gel pattern. 

Figure 40 shows a schematic diagram of structure "b" from Figure 39 
aligned with a bridging probe (SEQ ID NO: 118) that could create a four- way 
30 junction. A graph depicts the fluorescence signal measured after the solid support 

capture of two different sized amplicons by this probe. The fluorescence signal is 



-63- 



j 

WO 98/50403 PCT/US98/031 94 

shown on the left of the panel as a percentage of the signal measured in 
experiments using a linear (non-bridging) control probe for capture of these targets. 

Figure 41 shows schematic diagrams of structure M b" from Figure 39, either 
unaltered, or truncated and mutated to destabilize the shorter stem. Also depicted 
is bridging probe 62-98 (SEQ ID NO: 119), designed to hybridize across the longer 
remaining stem, and a graph depicting the fluorescence signal measured after the 
solid support capture of the shortened amplicon by the indicated probe. The 
fluorescence signal is shown on the left of the panel as a percentage of the signal 
measured in experiments using a linear (non-bridging) control probe for capture of 
this target. 

Figure 42 shows a schematic diagram of structure V from Figure 39 
aligned with bridging probe 63-87 (SEQ ID NO: 11 5), and a graph depicting the 
fluorescence signal measured after the solid support capture of three different sizes 
of amplicon by the indicated probe. The fluorescence signal is shown on the left 
of the panel as a percentage of the signal measured in experiments using a linear 
(non-bridging) control probe for capture of these targets. 

Figure 43A shows a schematic diagram of a structure in the amplicon 
derived from HCV type la aligned with bridging probe having two seven- 
nucleotide regions of complementarity (SEQ ID NO:120). The regions that are 
complementary as aligned to the target are indicated by a black line between the 
strands. 

Figure 43B shows a schematic diagram of a structure in the amplicon 
derived from HCV type lb aligned with bridging probe having two 7 or 8 
nucleotide regions of complementarity (SEQ ID NOS:121 and 122, respectively). 
The regions that are complementary as aligned to the target are indicated by a 
black line between the strands. 

Figure 44A shows a graph depicting the fluorescence signal measured after 
the solid support capture of the amplicons derived from HCV types la, lb, 2a/c 
and 3a by the indicated probe. The amplicons used in each capture test are 
indicated below each bar. The fluorescence signal is shown on the left of the panel 
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as a percentage of the signal measured in experiments using a linear (non-bridging) 
control probe for capture of this target, with 1 being 100 percent. 

Figure 44B shows a graph depicting the fluorescence signal measured after 
the solid support capture of the amplicons derived from HCV types la, lb, 2a/c 
and 3a by the probes indicated at the top of each panel. The amplicons used in 
each capture test are indicated below each bar. The fluorescence signal is shown 
on the left of the panel as a percentage of the signal measured in experiments using 
a linear (non-bridging) control probe for capture of this target, with 1 being 100 
percent. 



DEFINITIONS 

To facilitate understanding of the invention, a number of terms are defined 

below. 

....... The term "gene" refers to a DNA sequence that comprises control and 

coding sequences necessary for the production of a polypeptide or precursor. The 

-i polypeptide can be encoded by a full length coding sequence or by any portion of 
the coding sequence so long as the desired enzymatic activity is retained. ^ 

:u .^iThe term "wild-type" refers to a gene or gene product which has the > - ; 
characteristics of that gene or gene product when isolated from a naturally 
occurring source* A wild-type gene is that which is most frequently observed in a 
population and is thus arbitrarily designed the "normal" or "wild-type" form of the 
gene. In contrast, the term "modified" or "mutant" refers to a gene or gene product 
which displays modifications in sequence and or functional properties (/.e., altered 
characteristics) when compared to the wild-type gene or gene product. It is noted 
that naturally-occurring mutants can be isolated; these are identified by the fact that 
they have altered characteristics when compared to the wild-type gene or gene 
product. 

The term "LTR" as used herein refers to the long terminal repeat found at 
each end of a provirus (i.e., the integrated form of a retrovirus). The LTR contains 
numerous regulatory signals including transcriptional control elements, 
polyadenylation signals and sequences needed for replication and integration of the 
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viral genome. The viral LTR is divided into three regions called U3, R and U5. 

The U3 region contains the enhancer and promoter elements. The U5 
region contains the polyadenylation signals. The R (repeat) region separates the U3 
and U5 regions and transcribed sequences of the R region appear at both the 5' and 
3' ends of the viral RNA. 

The term "oligonucleotide" as used herein is defined as a molecule 
comprised of two or more deoxyribonucleotides or ribonucleotides, preferably more 
than three, and usually more than ten. The exact size will depend on many factors, 
which in turn depends on the ultimate function or use of the oligonucleotide. The 
oligonucleotide may be generated in any manner, including chemical synthesis, 
DNA replication, reverse transcription, or a combination thereof. 

Because mononucleotides are reacted to make oligonucleotides in a manner 
such that the 5' phosphate of one mononucleotide pentose ring is attached to the 3' 
oxygen of its neighbor in one direction via a phosphodiester linkage, an end of an 
oligonucleotide is referred to as the "5' end" if its 5' phosphate is not linked to the 
3' oxygen of a mononucleotide pentose ring and as the "3 v end" if its 3* oxygen is 
not linked to a 5 ' phosphate of a subsequent mononucleotide pentose ring; As used 
herein; a nucleic acid sequence, even if internal to a larger oligonucleotide, also 
may be the to have 5' and 3' ends. 

When two different, non-overlapping oligonucleotides anneal to different 
regions of the same linear complementary nucleic acid sequence, and the 3' end of 
one oligonucleotide points towards the 5' end of the other, the former may be 
called the "upstream" oligonucleotide and the latter the "downstream" 
oligonucleotide. 

The term "primer" refers to an oligonucleotide which is capable of acting as 
a point of initiation of synthesis when placed under conditions in which primer 
extension is initiated. An oligonucleotide "primer" may occur naturally, as in a 
purified restriction digest or may be produced synthetically. 

A primer is selected to have on its 3' end a region that is "substantially" 
complementary to a strand of specific sequence of the template. A primer must be 
sufficiently complementary to hybridize with a template strand for primer 
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elongation to occur. A primer sequence need not reflect the exact sequence of the 
template. For example, a non-complementary nucleotide fragment may be attached 
to the 5' end of the primer, with the remainder of the primer sequence being 
substantially complementary to the strand. Non-complementary bases or longer 
sequences can be interspersed into the primer, provided that the primer sequence 
has sufficient complementarity with the sequence of the template to hybridize and 
thereby form a template primer complex for synthesis of the extension product of 
the primer. 

As used herein, the terms "hybridize" and "hybridization" refer to the 
annealing of a complementary sequence to the target nucleic acid (the sequence to 
be detected) through base pairing interaction (Marmur and Lane, Proc. Natl. Acad. 
Sci. USA 46:453 [1960] and Doty et a/., Proc. Natl. Acad. Sci. USA 46:461 
[I960]). The terms "annealed" and "hybridized" are used interchangeably 
throughout, and are intended to encompass any specific and reproducible interaction 
between an oligonucleotide and a target nucleic acid, including binding of regions 
having , only partial complementarity and binding interactions that make use of non- 
canonical interactions for stability and/or specificity^ ;: 

y >k!he complement of a nucleic acid sequence as used herein refers to an r 
oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' 
end of one sequence is paired with the 3 ? end of the other, is in "antiparallel 
association." Certain bases not commonly found in natural nucleic acids may be 
included in the nucleic acids of the present invention and include, for example, 
inosine and 7-deazaguanine. Complementarity need not be perfect; stable duplexes 
may contain mismatched base pairs or unmatched bases. Those skilled in the art of 
nucleic acid technology can determine duplex stability empirically considering a 
number of variables including, for example, the length of the oligonucleotide, base 
composition and sequence of the oligonucleotide, ionic strength and incidence of 
mismatched base pairs. 

The term "non-canonical" as used in reference to nucleic acids indicates 
interactions other than standard, or "Watson-Crick" base pairing, including but not 
limited to G-T and G-U base pairs, Hoogstein interactions, triplex structures, 
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quadraplex aggregates, and multibase hydrogen bonding such as is observed within 
nucleic acid tertiary structures, such as those found in tRNAs. 

The stability of a nucleic acid duplex is measured by the melting 
temperature, or "T ffl ." The T m of a particular nucleic acid duplex under specified 
conditions is the temperature at which on average half of the base pairs have 
disassociated. 

The term "probe" as used herein refers to an oligonucleotide which forms a 
duplex structure or other complex with a sequence in another nucleic acid, due to 
complementarity or other means of reproducible attractive interaction, of at least 
one sequence in the probe with a sequence in the other nucleic acid. 

The terms "signal probe" and "signal oligonucleotide," as used herein, are 
used interchangeably in reference to any oligonucleotide that is provided to permit 
detection of the progress or products of a reaction or interaction. A signal probe 
may be labeled or unlabeled, and may be modified or left unmodified by the 
mechanism of the reaction. 
-■■«'*■ The term "label* -as used herein refers to any atom or molecule which can 
be used to provide a detectable (preferably quantifiable) signal, and which can be 
attached to a nucleic acid or protein. Labels may provide signals detectable by 
fluorescence, radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption, 
magnetism, enzymatic activity, and the like. 

The terms "target nucleic acid" and nucleic acid substrate" are used herein 
interchangeably and refer to a nucleic acid molecule which when denatured and 
allowed to renature (/.e., to fold upon itself by the formation of intra-strand 
hydrogen bonds), forms at least one folded structure. The nucleic acid target may 
comprise single- or double-stranded DNA or RNA. 

As used herein, the term "folded target" refers to a nucleic acid strand that 
contains at least one region of secondary, structure (i.e., at least one double stranded 
region and at least one single-stranded region within a single strand of the nucleic 
acid). A folded target may comprise regions of tertiary structure in addition to 
regions of secondary structure. 
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The term "substantially single-stranded" when used in reference to a nucleic 
acid target means that the target molecule exists primarily as a single strand of 
nucleic acid in contrast to a double-stranded target which exists as two strands of 
nucleic acid which are held together by inter-strand base pairing interactions. 

Nucleic acids form secondary structures which depend on base-pairing for 
stability. When single strands of nucleic acids (single-stranded DNA, denatured 
double-stranded DNA or RNA) with different sequences, even closely related ones, 
are allowed to fold on themselves, they assume characteristic secondary structures. 
An alteration in the sequence of the target may cause the destruction of a duplex 
region(s), or an increase in stability of a thereby altering the accessibility of some 
regions to hybridization of the probes oligonucleotides. While not being limited to 
any particular theory, it is thought that individual molecules in the target population 
may each assume only one or a few of the structures (/.*., duplexed regions), but 
when the sample is analyzed as a whole, a composite pattern from the hybridization 
of the probes can be created. Many of the structures that can alter the binding of 
the probes are likely to be only a few base-pairs long and would appear to be 
- unstable. Some of these structures may be displaced by the hybridization of a 
: probe in that region; others may by stabilized by the hybridizationi of a probe 
nearby, such that the probe/substrate duplex can stack coaxially with the target 
intrastrand duplex, thereby increasing the stability of both. The formation ox 
disruption of these structures in response to small sequence changes results in 
changes in the patterns of probe/target complex formation. Temperatures in the 
range of 20 to 55°C, with the range of 20 to 40°C being particularly preferred, are 
suitable temperatures for the practice of the method of the invention. 

The term "sequence variation" as used herein refers to differences in nucleic 
acid sequence between two nucleic acid templates. For example, a wild-type 
structural gene and a mutant form of this wild-type structural gene may vary in 
sequence by the presence of single base substitutions and/or deletions or insertions 
of one or more nucleotides. These two forms of the structural gene vary in 
sequence from one another. A second mutant form of the structural gene may 
exist. This second mutant form varies in sequence from both the wild-type gene 
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and the first mutant form of the gene. It is noted, however, that the invention does 
not require that a comparison be made between one or more forms of a gene to 
detect sequence variations. Because the method of the invention generates a 
characteristic and reproducible pattern of complex formation for a given nucleic 
acid target, a characteristic "fingerprint" may be obtained from any nucleic target 
without reference to a wild-type or other control. The invention contemplates the 
use of the method for both "fingerprinting" nucleic acids without reference to a 
control and identification of mutant forms of a target nucleic acid by comparison of 
the mutant form of the target with a wild-type or known mutant control. 

The terms "structure probing signature," "hybridization signature" and 
"hybridization profile" are used interchangeably herein to indicate the measured 
level of complex formation between a folded target nucleic acid and a probe or set 
of probes, such measured levels being characteristic of the folded target nucleic 
acid when compared to levels of complex formation involving reference targets or 
probes. 

- The term "nucleotide analog" as used herein refers to modified or - 
non-naturaliy occurring nucleotides such as 7-deaza purines (/.e., 7-deaza-dATP and 
7-deaza^dGTP). Nucleotide analogs include base analogs and comprise modified 
forms of deoxyribonucleotides as well as ribonucleotides. As used herein the term 
"nucleotide analog" when used in reference to targets present in a PCR mixture 
refers to the use of nucleotides other than dATP, dGTP, dCTP and dTTP; thus, the 
use of dUTP (a naturally occurring dNTP) in a PCR would comprise the use of a 
nucleotide analog in the PCR. A PCR product generated using dUTP, 
7-deaza-dATP, 7-deaza-dGTP or any other nucleotide analog in the reaction 
mixture is the to contain nucleotide analogs. 

"Oligonucleotide primers matching or complementary to a gene sequence" 
refers to oligonucleotide primers capable of facilitating the template-dependent 
synthesis of single or double-stranded nucleic acids. Oligonucleotide primers 
matching or complementary to a gene sequence may be used in PCRs, RT-PCRs 
and the like. As noted above, an oligonucleotide primer need not be perfectly 
complementary to a target or template sequence. A primer need only have a 
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sufficient interaction with the template that it can be extended by 
template-dependent synthesis. 

The term "cleavage structure" as used herein, refers to a structure which is 
formed by the interaction of at least one probe oligonucleotide and a target nucleic 

5 acid to form at least one region of duplex, the resulting structure being cleavable 

by a cleavage means, including but not limited to an enzyme. The cleavage 
structure is a substrate for specific cleavage by the cleavage means, in contrast to a 
nucleic acid molecule which is a substrate for non-specific cleavage by agents such 
as phosphodiesterases which cleave nucleic acid molecules without regard to 

10 secondary structure (i.e., no formation of a duplexed structure is required). 

The term "cleavage means" as used herein refers to any means which is 
capable of cleaving a cleavage structure, including but not limited to enzymes. The 
cleavage means may include native DNAPs having 5' nuclease activity (e.g., Taq 
DNA polymerase, E. coli DNA polymerase I) and* more, specifically ^ modified 

15 DNAPs haying 5' nuclease but lacking synthetic activity. The ability of 5' 

■•* nucleases to cleave naturally occurring structures in nucleic acid templates rc 
(structure-specific cleavage) is, useful to detect internal sequence differences fa . 
nucleic acids without prior knowledge of the specific sequence of the nucleic acid. 
In this manner, they are structure-specific enzymes. The cleavage means is not 

20 restricted; to enzymes having solely 5' nuclease activity. The cleavage means may 

include nuclease activity provided from a variety of sources including the 
Cleavase® enzymes, the FEN-1 endonucleases (including RAD2 and XPG 
proteins), Taq DNA polymerase and E. coli DNA polymerase I. The cleavage 
means of the present invention cleave a nucleic acid molecule in response to the 

25 formation of cleavage structures; it is not necessary that the cleavage means cleave 

the cleavage structure at any particular location within the cleavage structure. 

The term "structure-specific nucleases" or "structure-specific enzymes" 
refers to enzymes that recognize specific secondary structures in a nucleic molecule 
and cleave these structures without the regard to the specific sequences making up 

30 the structure. 



•71 - 



WO 98/50403 PCT/US98/03194 

The term "thermostable" when used in reference to an enzyme, such as a 5' 
nuclease, indicates that the enzyme is functional or active (i.e., can perform 
catalysis) at an elevated temperature, i.e., at about 55°C or higher. 

The term "cleavage products" as used herein, refers to products generated by 
5 the reaction of a cleavage means with a cleavage structure (i.e., the treatment of a 

cleavage structure with a cleavage means). 

The term "target nucleic acid" refers to a nucleic acid molecule which 
contains a sequence which has at least partial complementarity with at least one 
probe oligonucleotide. The target nucleic acid may comprise single- or double- 
10 stranded DNA or RNA. 

The term "probe oligonucleotide" refers to an oligonucleotide which 
interacts with a target nucleic acid to form a complex. The complex may also 
comprise a cleavage structure. The term "non-target cleavage product" refers 
to a product of a cleavage reaction that is not derived from the target nucleic acid. 
15 In the methods of the present invention, cleavage of the cleavage structure may 

occur within the probe oligonucleotide: The fragments of the probe oligonucleotide 
generated by this target nucleic acid-dependent cleavage are "non-target cleavage 
> products!" "■ *JO'V*? f :v > . u'fr?. 'an r< ";. • '.\ Try*** 1 *' u.U) f] p i' 

The term "invader oligonucleotide" refers to an oligonucleotide that 
20 ' hybridizes to a target nucleic acid such that its 3' end positions the site of 

structure-specific nuclease cleavage within an adjacently hybridized oligonucleotide 
probe. In one embodiment its 3' end has at least one nucleotide of sequence that is 
identical the first target-complementary nucleotide of the adjacent probe; these 
nucleotides will compete for hybridization to the same nucleotide in a 
25 complementary target nucleic acid. In another embodiment, the invader 

oligonucleotide has a single 3' mismatched nucleotide, and hybridizes to an 
adjacent, but not overlapping, site on the target nucleic acid. 

The term "substantially single-stranded" when used in reference to a nucleic 
acid substrate means that the substrate molecule exists primarily as a single strand 
30 of nucleic acid in contrast to a double-stranded substrate which exists as two 
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strands of nucleic acid which are held together by inter-strand base pairing 
interactions. 

A "consensus gene sequence" refers to a gene sequence which is derived by 
comparison of two or more gene sequences and which describes the nucleotides 
most often present in a given segment of the genes; the consensus sequence is the 
canonical sequence. 

The term "polymorphic locus" is a locus present in a population which 
shows variation between members of the population (r'.e., the most common allele 
has a frequency of less than 0.95). In contrast, a "monomorphic locus" is a genetic 
locus at little or no variations seen between members of the population (generally 
taken to be a locus at which the most common allele exceeds a frequency of 0.95 
in the gene pool of the population). 

The term "microorganism" as used herein means an organism too small to 
be observed with the unaided eye and includes, but is not limited to bacteria, virus, 
protozoans, fungi, and ciliates. 

The term "microbial gene sequences" refers to gene sequences derived from 
a microorganism: : ;r ; : 

of sbiiciiThe term "bacteria" refers to any bacterial species including eubacterial and 
archaebacterial speciesi ^ l 

• Di i ^The term "virus" refers to obligate, ultramicroscopic, intracellular parasites 
incapable of autonomous replication (i.e., replication requires the use of the host 
cell's machinery). 

The term "multi-drug resistant" or "multiple-drug resistant" refers to a 
microorganism which is resistant to more than one of the antibiotics or 
antimicrobial agents used in the treatment of the microorganism. 

The term "non-contiguous," when used to describe regions within a target 
nucleic acid to be analyzed, is intended to mean that the regions are separated by 
intervening nucleic acid (or non-nucleic acid spacers). It is not intended that the 
present invention be limited by the size of the intervening nucleic acid (or the size 
of non-nucleic acid spacers). However, in preferred embodiments, the intervening 
sequence is at least five nucleotides in length. 
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The term "non-contiguous," when used to describe regions within a nucleic 
acid probe, means sequences capable of hybridizing to the non-contiguous regions 
of target nucleic acid. It is not intended that the present invention be limited to 
probes having intervening nucleic acid; that is to say, the non-contiguous regions of 
a probe are defined functionally, with reference to their binding to non-contiguous 
regions in a target, the target having intervening nucleic acid separating the non- 
contiguous regions. Nonetheless, the probes of the present invention may have (but 
need not have) intervening nucleic acid (or a non-nucleic acid spacer). 

The terms "intervening nucleic acid," "intervening portion," "intervening 
region," "intervening nucleic acid sequence," and "intervening sequence," refer to 
nucleic acid (single-stranded or double-stranded), that separates two or more 
regions {e.g., non-contiguous regions) within a nucleic acid sequence. Where: the 
present invention employs a probe having one or more intervening sequences, such 
intervening sequences are to be distinguished from mere single base mismatched 
nucleic acid, such that intervening sequences on the probe are at least two nucleic 
acids in length. h v « • 

The term "bridging" when used in conjunction with a type of nucleic acid 
(e.g., oligonucleotide, probe, primer, etc.), refers to a nucleic acid that is made to 
contact non-contiguous sites on a folded target nucleic acid. For example, a 
bridging probe and a bridging primer may refer to oligonucleotides that hybridize 
across a structure for detection, or for subsequent primer extension, respectively, 
although "primer" and "probe" may also be used to indicate other types of 
interactions or reactions. 

The term "non-bridging" when used in conjunction with a type of nucleic 
acid (e.g., oligonucleotide, probe, primer, etc.), refers to an nucleic acid that is not 
intended to hybridize across, a structure (i.e., it contains a region substantially 
complementary its hybridization partner nucleic acid). 

The term "reactant" refers to any agent that can act upon either the target or 
non-target nucleic acids to create a detectable alteration from the original nucleic 
acid chemical or nucleotide composition. 
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The terms "catalyzed reaction" or "catalytic reaction" refers to any action on 
a nucleic acid that is catalyzed or enacted by a reactant other than the nucleic acid. 

The terms "modified probe" and "modified oligonucleotide" refer to probes 
that have been altered from their original composition by the action of a reactant. 
Such alterations include but are not limited to cleavage as by a nuclease, elongation 
as by a polymerase, or joining to another entity, either through a covalent 
interaction, such as by ligation to another nucleic acid, or by chemical cross-linking 
to an entity such as a protein, a nucleic acid, a detectable moiety, or a solid 
support. 

DESCRIPTION OF THE INVENTION 

The methods of the present invention use the combined effects of mismatch 
and folded structure on hybridization to provide a tool for the detection of 
mutations and other polymorphisms in nucleic acids (e.g., DNA and RNA). The 
simultaneous probing of the primary (sequence), secondary (simple folded) and 
tertiary (interactions between secondary folds) structures of substrate molecules is 
referred herein simply as "structure probing." Rather than destroying secondary 
structures by high stringency conditions and target fragmentation, the methods of 
the present invention use conditions in which the formation of intramolecular 
structures is favored, i.e., unfragmented target strands in conditions of low 
stringency. Thus, the present method of probing is designed to detect variations 
between nucleic acids at any of these levels in a single assay. 

At temperatures below the melting range of duplexed nucleic acid (i.e., 
below the melting temperature of long [i.e., >100 bp] nucleic acids; this is 
generally taken to be temperatures below about 85°C for a nucleic acid of average 
G-C content), single-stranded nucleic acids undergo a complex process of 
intramolecular folding. The first rapid step of this process involves formation of 
short-range, or local stem-loops structures. Later in the folding process, formation 
of tertiary or global structure occurs as a result of interactions between different 
local domains (Zarrinkar and Williamson, Science 265:928 [1994] and Zarrinkar 
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and Williamson, Nat. Struct. Biol., 3:432 [1996]). The effects of secondary 
structure of the target on probe binding is well documented for DNA and RNA 
molecules (Gamper et ai t supra; Fedorova et al, FEBS Lett. 302:47 [1992]; Lima 
et al, Biochem., 31:12055 [1992]; Godard et al, Nucl. Acids Res., 22:4789 
[1994]; Zarrinkar and Williamson, [1994], supra; Parkhurst and Parkhurst, 
Biochem., 34:285 [1995]; and Schwille et al, Biochem., 35:10182 [1996]). Target 
sequences that form stable duplexes within intramolecular secondary structures can 
have probe binding constants 10 5 -10 6 times lower than sequences that exists as a 
single strands (Lima et al, supra). The reduction of the hybridization constant for 
structured regions is primarily due to a lower association rate constant rather than a 
higher dissociation rate constant (Lima et al, supra; Gamper et al, supra and: 
Parkhurst and Parkhurst, supra), supporting the model that the structures in the 
target are blocking access of the probe to the complementary region within the 
target molecule. 

Mutations in the target sequence change both local and global conformations 
of the molecule. It has been shown that the conformations assumed by single 
strands of nucleic acids can be probed using a structure-specific nuclease that 
cleaves in response to the structures that are formed in a number of test reaction 
conditions. (Brow et al, supra). Such cleavage creates a collection of product 
fragments that reflect those structures and which are characteristic of the particular 
strands. The structures that give rise to cleavage patterns are very sensitive to the 
precise nucleotide sequence of the strand, such that even single base differences in 
nucleic acids that are several hundred nucleotides long create sufficient changes in 
the folded conformations to be detectable in the resulting cleavage pattern (Brow et 
al, supra), and the changes in electrophoretic mobility in SSCP. As a result of 
these changes, some regions that were previously base paired may become unpaired 
and vice versa. By measuring probe hybridization rates it is possible to determine 
whether or not any region of a target molecule forms intramolecular structure. The 
examples below describe the use of multiple oligonucleotides to characterize DNA 
fragments (i.e., for structure probing). This approach is diagrammed schematically 
in Figure 1 . 
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In Figure 1, three different, but related, target nucleic acids are analyzed 
using the structure probing assay of the present invention. Allele/Type 1 represents 
the prototypical target sequence (e.g., a wild type allele of gene X); Allele/Types 2 
and 3 represent different alleles of the same target sequence (e.g., two different 
allelic variants of gene X). The thick regions labeled 1-5 along the three target 
nucleic acids represent the regions along the target that are complementary to 
probes 1-5. Allele/Type 2 contains a single-base variant (e.g., a point mutation) 
relative to Allele/Type 1 (represented by the small open circle between regions 3 
and 4 of Allele/Type 2). This variant does not appear in a region where a probe 
binds to the Type 2 target; however, this variant alters the secondary structure of 
the Type 2 molecule relative to that of the Type 1 molecule such that region 3 of 
the Typec2 molecule is essentially unavailable for hybridization with probe 3. 
Allele/Type 3 also contains a single-base variant (e.g., a point mutation) relative to 
Allele/Type 1 (represented by the small open circle within region 3 of Allele/Type 
3). The variant in this molecule is located within a probe binding region and 
reduces the efficiency with which probe 3 binds to the Type 3 molecule.; The 
target nucleic acids are rendered substantially single-stranded (/Ve , they are 
denatured, e g., by heating) and then permitted to form secondary structures (e.g., 
by cooling) and then hybridized with probes 1-5. The probe/target complexes are 
captured onto a solid support and the amount of target that binds to each of probes 
1-5 is determined for each target to generate a probe structure signature (also 
referred to as a . hybridization signature or profile). The schematic shown in Figure 
1 is intended to illustrate that the signal variation may come from probe/target 
mismatch, or from the formation of local structures that block probe binding sites 
(Le., regions on the target which are at least partially complementary to the probe), 
tertiary structure, involving interactions between sequences at some distance (even 
several hundred nucleotides) may also block binding, i.e., mutations at one site may 
influence probe binding hundreds of nucleotides away, as is seen with the katG 
targets employed in Example 1. 

In the Examples below, the oligonucleotide probes include a biotin moiety 
so that the labeled target DNAs that have formed a hybridization complex with the 
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probes can be captured by exposure to a solid support coated with streptavidin. 
When used for immobilization in this way, the probes are referred to herein as 
"capture probes." The labels on the DNA can then be detected, with the amount of 
captured DNA reflecting the efficiency of the probe/target hybridization, and thus 
the strength of a particular binding interaction. 

In the Examples below, the solid support employed is a well of a 96-well 
microtiter plate. This format was chosen for convenience; the methods of the 
present invention are not limited to the use of microtiter plates or any particular 
support. The present invention contemplates the use of many types of solid 
supports, including but not limited to beads, particles, dipsticks, membranes and 
silicon or glass flat surfaces. It is also contemplated that the binding of the 
probe/target complexes to surfaces may be through interactions with the target 
nucleic acid {e.g., the use of biotinylated target nucleic acids), while a detectable 
label may be included on the probes. 

In the embodiments presented herein, the affinity of the target nucleic acid 
(e.g., a DNA fragment of interest) for different probes is assessed by performing 
separate hybridization and solid support capture determinations for each probe 
sequence.;. It is envisioned that differently labeled probes, e.g. * with different 
fluorescent dyes or other detectable moieties, may be used together in a single 
: complex formation reaction. - Use of an instrument that can detect several types of 
signal, such as a fluorimeter with the capacity to excite and detect at a variety of 
wavelengths, allows the signal contribution from each of the bound probes to be 
assessed. 

In some typing applications, variants may have any one of several sequences 
(and therefore structures) and still be classed as the same type {e.g., in HCV, there 
are numerous sequence variants that are classed as type lb). If it is not necessary 
to separately identify the subtypes within a type, a mixture of probes may be 
provided such that at least one type of probe will interact with each of the different 
known variants. If the target interacts appropriately {i.e., with the expected 
affinity) with any probe in the mixture it can be deduced to be of a broad type 
without concern about the identity of the particular subtype variant. In this way, 
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genetic materials known to vary in sequence without affecting function or type (as 
do many rapidly changing pathogens) may be analyzed in a single assay without 
the need for a complex matrix of probes or for sequence determination. 

In the following discussion, the oligonucleotide probes are discussed as 
capture probes. The use of this term is for convenience only, to avoid repetition of 
the enumeration of the possible configurations for this method, and it is intended 
that each of the embodiments described below may be used in combination with 
any of the probe/target configurations (e.g., labeled probes and captured target 
DNA and vice versa) described above. 

The probes used in the methods of the present invention may be used 
without any prior analysis of the structure assumed by a target nucleic acid. In 
designing such an assay, one designs probes that would span the entire length of 
the target sequence, (te. 9 they would be complementary to regions of the target that 
are substantially evenly spaced across the entire length of the target). Probes 
designed in this way may be phased to a variety of densities. For example, the 
probes may each shift in hybridization site by one or a few nucleotides, to give a 
very high resolution fingerprint of the target, or they may be designed to hybridize 
. ; t0; adjacent but not overlapping regions, to give: thorough, coverage at .a slightly o 
lower resolution. Alternatively, they may be spaced at much larger intervals for a 
lower resolution screen. The choice of spacing will be dependent on the needs of 
the assay. A higher density fingerprint will have a greater likelihood of identifying 
any possible polymorphism, and may be more suitable for situations where 
certainty in identification of single base changes is required (e.g., identification of 
mutations associated with cancers and other diseases). When genotyping is to be 
performed on targets in which more variation is expected (e.g., rapidly changing 
viruses), a lower density array may be sufficient for accurate identification. The 
examples below provide such an analysis for the identification of Hepatitis C viral 
types. For any given case, it can be determined empirically using appropriately 
selected reference target molecule whether a chosen probe or array of probes can 
distinguish between genetic variants sufficiently for the needs of a particular assay. 
Once a probe or array of probes is selected, the analysis of which probes bind to a 
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target, and how efficiently these probes bind (i.e., how much of probe/target 
complex can be detected) allows a hybridization signature of the conformation of 
the target to be created. One possible format for such a signature is as a graph of 
the measured amounts of a complex formed between the target and each probe, as 
shown in Figures 4, 7, 8, and 9. It is not intended that the structure probing or 
hybridization signature be limited to the use of the column graphs shown in these 
figures. It is contemplated that the signature may be stored, represented or 
analyzed by any of the methods commonly used for the presentation of 
mathematical and physical information, including but not limited to line, pie, or 
area graphs or 3-dimensional topographic representations. The data may also be 
used as a numerical matrix, or any other format that may be analyzed either 
visually, mathematically or by computer-assisted algorithms. 

The resulting signatures of the nucleic acid structures serve as sequence- 
specific identifiers of the particular molecule, without requiring the determination 
of the actual nucleotide sequence. While specific sequences may be identified by 
comparison of their signature to a reference signature, the use of algorithms to 
deduce the actual sequence of a molecule by sequence-specific hybridization (i.e., 
at high stringency to eliminate the influence of secondary and tertiary structures) to 
a complete matrix (£*.-. probes that shift by a single nucleotide position at each 
location of an array), is not a feature or requirement, or within the bounds of the 
methods of the present invention. 

It is contemplated that information on the structures assumed by a target 
nucleic acid may be used in the design of the probes, such that regions that are 
known or suspected to be involved in folding may be chosen as hybridization sites. 
Such an approach will reduce the number of probes that are likely to be needed to 
distinguish between targets of interest. 

There are many methods used to obtain structural information involving 
nucleic acids, including the use of chemicals that are sensitive to the nucleic acid 
structure, such as phenanthroline/copper, EDTA-Fe 2+ , cisplatin, ethylnitrosourea, 
dimethyl pyrocarbonate, hydrazine, dimethyl sulfate, and bisulfite. Such chemical 
reagents may cause cleavage based on structure, or they may cause nucleotide 
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modification that can subsequently be detected, such as by pausing or blocking of 
reverse transcriptase or other DNA polymerase copying, or by fingerprinting or 
other chromatography methods. Those skilled in the art are familiar with numerous 
additional methods for the detection of nucleotide modifications within a nucleic 
acid strand. 

Enzymatic probing can be done using structure-specific nucleases from a 
variety of sources. Duplex-specific nucleases such as cobra venom V, nuclease 
have been widely used in the analysis of RNA structures (See e.g., Lowman and 
Draper, J. Biol. Chem., 261:5396 [1986]). In addition, suitable 5' nucleases 
include the Cleavase® enzymes (Third Wave Technologies, Inc., Madison, WI), Taq 
DNA polymerase, E. coli DNA polymerase I, and eukaryotic structure-specific 
endonucleases (e.g., human, murine and Xenopus XPQ enzymes, yeast RAD2 
enzymes), murine FEN-1 endonucleases (Harrington and Lieber, Genes and 
Develop., 3:1344 [1994]) and calf thymus 5' to 3' exonuclease (Murante et aL, J. 
Biol. Chem., 269:1191 [1994]). In addition, enzymes having 3' nuclease activity 
such as members of the family of DNA repair endonucleases (e.g., the Rrp\ 
enzyme' from Drosophila melanogaster, the yeast RAD 1 /RAD 1 0 complex and E. 
V 1 coli Exo III), are also suitable for examining the structures of nucleic acids.- In 
Example 3, the use of the CFLP® method for identifying regions of folding in PGR 
amplified segments of the HCV genome is described. • 

If analysis of structure as a step in probe selection is to be used for a 
segment of nucleic acid for which no information is available concerning regions 
likely to form secondary structures, the sites of structure-induced modification or 
cleavage must be identified. It is most convenient if the modification or cleavage 
can be done under partially reactive conditions (i.e., such that in the population of 
molecules in a test sample, each individual will receive only one or a few cuts or 
modifications). When the sample is analyzed as a whole, each reactive site should 
be represented, and all the sites may be thus identified. Using a CFLP® cleavage 
reaction as an example, when the partial cleavage products of an end labeled 
nucleic acid fragment are resolved by size (e.g., by electrophoresis), the result is a 
ladder of bands indicating the site of each cleavage, measured from the labeled end. 
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Similar analysis can be done for chemical modifications that block DMA synthesis; 
extension of a primer on molecules that have been partially modified will yield a 
nested set of termination products. Determining the sites of cleavage/modification 
may be done with some degree of accuracy by comparing the products to size 
markers {e.g., commercially available fragments of DNA for size comparison) but a 
more accurate measure is to create a DNA sequencing ladder for the same segment 
of nucleic acid to resolve alongside the test sample. This allows rapid 
identification of the precise site of cleavage or modification. 

Two approaches have commonly been applied to elucidate nucleic acid 
secondary structures: physical approaches, such as analysis of crystal structure or 
NMR, and analytical approaches, such as comparative or phylogenetic analysis. 
Physical analysis remains the only way to get a complete determination of a folded 
structure for any given nucleic acid. However, that level of analysis is impractical 
if the goal is to analyze a large number of molecules. By far, the most often used 
method of analyzing biological nucleic acids is a phylogenetic, or comparative 
approach. This method of analysis is based on the biological paradigm that v 
functionally homologous sequences will adopt similar structures. Sequences are 
screened for .sequence conservation, stern-loop conservation, and for compensatory 
sequence, changes that preserve predicted structures. Unfortunately, such analysis 
can only be applied when the number of related sequences is large enough for 
statistical analysis. 

The efficient analysis of single nucleic acids requires the use of multiple 
tools. Many of the available tools can give partial information on the possible 
structures assumed by a given molecule. As stated above, these methods include 
enzymatic analysis, chemical structure probing, and computer based analysis of 
regions of base pairing. In addition, deletion studies, in which portions of a linear 
molecule are deleted and the effects on the folding are analyzed by the above-cited 
methods, can help identify with more certainty those regions of a nucleic acid that 
interact with each other. None of these methods in isolation can provide sufficient 
physical information to identify with certainty any non-contiguous regions that will 
be in close enough proximity to be simultaneously contacted by a bridging 
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oligonucleotide. For example, one of the most commonly used nucleic acid folding 
programs, n mfold' (Zuker, Science 244:48 [1989]; Jaeger et ai, Proc. Natl. Acad. 
Sci. USA, 86:7706 [1989]; Jaeger et al, Meth. Enzymol. 183:281 [1990]) uses 
previously determined physical measurements for the effects of various secondary 
structure features, such as basepair combinations, loops, bulges, etc., on the stability 
of folded structures to predict structures that have the lowest possible free energy. 
This approach is referred to as an energy minimization approach (See, Gaspin and 
Westhof, J. Mol. Biol. 254:163 [1995] for review). While mfold and other 
computer-based folding algorithms can be made to present only those structures 
that are most likely to form {e.g., that are thermodynamically favored), when the 
software is permitted to show structures that are even slightly less energetically 
favorable, there are usually dozens of such structures predicted for any given 
nucleic acid strand. Even though these structures may be very stable, and may in 
fact be proven to exist in nature, they are referred to as "suboptimaT structures, 
because they are calculated to have a less favorable free energy based on the 
software parameters. Using* information derived from the other methods (e.g., 
cs analyzing folded structures or by physical methods), allows the number of 
structures to be pared down dramatically, from many, many possible structures; to a 
few probable ones. 

i One additional software-based approach involves tallying the number of 
pairing partners available for each base within a collection of suboptimal structures 
predicted for a given nucleic acid strand (Zuker and Jacobson. Nucl. Acids Res. 
23:2791 [1995]). The pairing number, or "p-num" for each base gives a 
quantitative measure of the fidelity of pairing, i.e., the number of possible pairing 
partners, of each base position. It has been observed that predicted structures 
containing bases with p-nums that are lower than those of surrounding regions have 
a stronger correlation with structures that have been verified by physical or 
phylogenetic conservation data. Therefore using mfold and p-num together can 
help simplify the task of identifying structures that may be assumed by a nucleic 
acid strand. Both p-num and mfold are available commercially (Genetics Computer 
Group, Madison, WI). 



-83- 



WO 98/50403 PCT/US98/03194 

A significant limitation of the energy minimization programs for nucleic 
acids folding is that all of them, including mfold, use greatly simplified 
thermodynamic models that include energy parameters that are not well defined. 
The result is that the predicted optimal structures may not correspond to the actual 
conformation of the nucleic acid in solution. A partial solution to this is to extend 
the number of computed structures to include those that have suboptimal energies, 
thereby increasing the chances that one of them has better correlation with a real 
one. This step may produce an large number of possible structures, and 
identification of actual structures may be difficult without other analytical tools. 
For example, the mfold predictions done for the HCV type la amplicon, as 
described in Example 8, resulted in 32 predicted structures. : ; 

Efficient screening of the suboptimal structures can be accomplished by 
incorporating constraints derived from experimental data or phylogenetic analysis 
into the computer algorithm. The use of structure specific nucleases having well 
characterized specificity have an advantage that the site of cleavage can convey 
additional information based on the structural requirements for cleavage. This is 
illustrated here by discussion of information potentially gained by cleavage with a 
5' nuclease, Gleavase® I nuclease, but the same deductive approach is equally 
applicable and useful for other structure-specific cleavage agents for which a 
substrate structure is well defined (i.e., it is known where in the structure the 
cleavage can occur). The specificity of Cleavase® enzymes is such that cleavage 
occurs at the 5' ends of hairpin duplexes, after the first base pair (Lyamichev et al f 
supra). This means that any cleavage site identifies both a base that must be:paired 
in the structure, and that the base to which it pairs must be downstream in the; 
strand. This can expressed as follows: if there is a cleavage site at position /, then 
nucleotide i is base paired with nucleotide j where ;>/. Entering into mfold the 
parameters 'fi 0 2' and 'p i-i+1 1-M' specifies that nucleotides i and f+1 should 
be basepaired to something (not to each other) and that i and /+1 can not be 
basepaired with nucleotides from 1 to M, respectively. This type of parameter 
can be considered a "soft" parameter because, while base pairing is required, the 
specific pairing partners of / and /+! are left undefined, thereby allowing the 
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suboptimal foldings generated using these parameters to predict multiple 
basepairing partners of these nucleotides. This allows the use of existing constraint 
parameters without modification of the folding algorithm to predict only those 
structures that correlate with the cleavage data. If cleavage occurs at position /, 
then a series of structures can be calculated to explain it using the following 
constraints, 'f i 0 1* (nucleotide / is forced to be base paired) and 'p 1 0 M' 
(prohibiting nucleotides from 1 to M to be base paired). For example, to generate 
structures that could be responsible for a major cleavage site at position 90 of 
HCVla DNA, folding of 244 nt DNA fragment of HCVla (Figure 15) was done 
using mfold version 2.3 (http://www.ibc.wustl.edu/~zuker) with constraints 'f 90 0 V 
and 'p 1 0 89' predicting structure shown in Figure 16A. It is important that this 
structure not only predicts a cleavage site at position 90, but also explains 
cleavages at positions 102-103, 161 and 173, making it a good candidate to 
represent actual base pairing in the DNA molecule. The structure shown in Figure 
16A does not explain cleavage sites at positions 118-119 and 173. To reveal 
corresponding structures, the folding was done using constraints 'f 118 0 V and 'p 
1 Oil 17 s (nucleotides 1-1 17 are not base paired and nucleotide 1 18 is base paired) 
with'one of -resulting structures shown in Figure i6B.<. Again this structure not only 
reasonably predicts cleavage site at position 117-118 but also shovys how cleavage 
^ - 'at position 123 may happen. . The same two structures were identified in the 
development of the experiments described in Example 8, using manual comparison 
of the cleavage sites and the 32 suboptimal folds. By either method, the 
knowledge of the structure specificity of the 5' nuclease made it possible to 
eliminate from consideration, all predicted structures that would require the 
cleavage sites to vary from the known substrate structure. This reduced the field of 
possible structures from 32 to 2. Use of additional enzymes, such as 3' nucleases, 
or duplex specific chemical agents, that can identify other positions that must be 
base-paired within a structure can further narrow the field. 

Among different baseparing partners predicted for nucleotide /, the one that 
is responsible for the Cleavase® site at position i can be determined experimentally 
by using a combined deletion/mutation technique referred to as "PCR walking." 
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The PCR walking technique is based on CFLP analysis of PCR subfragments that 
are shorter variants of the analyzed sequence, variants that include only nucleotides 
from 1 to the selected partner of nucleotide /. For example, if the soft constraints 
cause mfold to predict that nucleotide 25 is paired with nucleotide 67, the PCR 
walk subfragments would include nucleotides 1 - 67. For each tested basepair, two 
subfragment variants are generated; one having a wild type sequence and another 
having the putative basepairing partner for nucleotide i (i.e., the 3' terminal 
nucleotide) substituted with a base that is not complementary to /. In the example 
above, the base to be substituted would be at position 67. 

CFLP® cleavage analysis is then performed on both of these subfragments. 
If the putative pairing partner does in fact basepair to i, then the wild type PGR 
subfragment would show cleavage immediately after f, but the substituted variant 
would show either a loss of cleavage, or a shifting of the cleavage site. If cleavage 
is the same in both subfragments, then / is pairing elsewhere; if cleavage at the 
original site is absent in both fragments, then the original pairing partner was likely 
to have been in the region deleted to make the subfragments. Once basepairing 
* * partner 7 of nucleotide i is determined, this information can be used as a "hard" 
' ^constraint in the mfold program, forcing nucleotides i and i+\ be basepaired with 
nucleotides j and /-I. - ' J 

Similar procedure can be repeated for each cleavage site, thereby generating 
a set of CFLP® defined constraints. Compatible constraints can be combined into 
groups so that each group would define an alternative structure of the molecule. 

This procedure was used to find alternative secondary structures of 244 
nucleotide RT-PCR fragment of HCV lb 5'UTR region. Energy minimization 
folding of HCV lb fragment using the mfold program without constraints generated 
29 structures, with difference in free energy between the two most stable structures 
of only 1.3%. Folding with soft constraints /90 0 T and p 90-91 1-89', dictated 
by the major cleavage site at position 90, produced 28 structures (the difference 
between two most stable structures being 1.4%), 17 of which predicted baseparing 
between nucleotides 90 and 135, 4 of which predicted basepairing between 
nucleotides 90 and 105, another 4 predicted a 90-184 basepair, 2 predicted a 90- 
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229 basepair, and 1 predicted a 90-198 basepair. PCR walking analysis showed 
that cleavage at position 90 can be explained by basepairing between nucleotides 90 
and 135. Using this information as a "hard" constraint '/90 135 T forces 
basepairing between nucleotides 90-91 and 134-135. Folding with this constraint 

5 resulted in 18 structures with difference in AG between optimal and suboptimal 

structures still only 1.4%. 

A similar study for a cleavage site at position 161 showed it to pair with 
nucleotide 205. The constraints for cleavage sites 90 and 161 are compatible, 
meaning that they do not result in mutually exclusive structures, and can be 

10 combined together. Running the folding program with both constraints, generated 

13 structures and increased the discrimination between the two most stable 
structures to 3.4%. This process was continued by adding two new constraints for 
cleavage sites at positions 33 and 173, decreasing the number of predicted 
structures to 10, and increasing the difference in free energy between the optimal 

15 and first suboptimal structures to 7.2%, increasing the certainly that the optimal 

structure is likely to be form by the molecule, i , ,< 
m; H In summary, we describe here a stepwise process for the analysis of nucleic 
c-pacid structure without the use of the expensive and time consuming traditional 
techniques such as crystallography and nuclear magnetic resonance. This process 

20 comprises the steps of: a) performing CFLP® analysis to identify nucleotides that 

are basepaired on the 5' sides of stems; b) using this partial basepair information as 
a "soft constraint" in a fold-prediction program such as mfold to produce schematic 
diagrams (or other suitable output) of possible folded conformations that are 
consistent with the CFLP® data; c) using PCR deletion and directed mutagenesis to 

25 confirm the identities of the nucleotides on the 3' sides of stems, to which the 5' 

side nucleotides are hydrogen bonded; and d) using this full basepair information as 
a "hard constraint" in the fold-prediction program to produce a highly refined set of 
predicted structures. Depending on the complexity of the data generated at each 
step, one or more of steps (a) through (d) may be omitted in any particular 

30 application. As noted above, a number of physical analytical methods may be 

combined with a number of secondary structure prediction algorithms to perform 
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this type of analysis; the use of CFLP® cleavage method in conjunction with the 
mfold software is discussed here as a convenient example and is not presented as a 
limitation on the scope of the present invention. The structure information gained 
in this process may be used not only is design of the structure probes of the present 
invention, but also in the improvement of CFLP®, SSCP, and like mutation 
detection methods, and in the improvement of many hybridization-based methods 
that suffer as a consequence of target strand-structure interference, including but 
not limited to the polymerase chain reaction, dideoxynucleotide-chain termination 
sequencing, sequencing by hybridization, and other chip hybridization methods, 
ribozyme nucleic acid cleavage, and antisense manipulation of gene expression in 
vivo. 

In addition to the structural mapping methods described above, there are 
several methods based on the actions of polymerizing enzymes that may be used to 
gain structural information. It has long been observed that reverse transcriptases 
can have difficulty polymerizing through RNA secondary structures. For this 
reason, reverse transcriptases that can be used at high temperatures have been 
sought (Myers et aL Biochem., 30:7661 [1991]), in order to facilitate full-length 
reverse transcription before cloning or PCR amplification; - By intentionally using 
polymerases that produce such pausing effects, structures formed in a template 
strand may be mapped by the location of the pause sites (e.g., by extension of a 
labeled primer). 

Another approach based on the use of DNA polymerases takes advantage of 
the observation that some DNA polymerases, upon encountering a fold in the* 
template strand, will apparently polymerize across a structure by a mechanism that 
has been termed "strand switching," thereby deleting the complement of the 
structured intermediate sequence. Though an understanding of the mechanism of 
strand switching is not necessary in order to practice the present invention, it is 
believed that strand switching involves some degree of displacement synthesis, such 
that a small portion of a sequence (even to the level of one base), is duplicated, 
followed by a branch migration that pairs the 3* end of the elongated strand with 
sequences on the far side of the template structure (Patel et ai } Proc. Natl. Acad. 
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Sci. USA 93:2969 [1996]). This mechanism can conceivably be used for structure 
mapping in at least two ways. For example, if the 3' side of a structure has been 
mapped using a 3' nuclease in a CFLP® reaction, as discussed above, a primer 
may be designed such that the 3' end of the primer is poised to polymerize either 
along or across the structure-forming region. In addition to its template 
complementary sequence, the primer may be supplied with one or a few degenerate 
nucleotides (e.g., two or more nucleotides at the same position on different copies 
of the primer) on the 3' end, to provide opportunity for strand switching, regardless 
of the downstream sequence. The primer may then be extended under conditions 
favoring strand switching (Patel et ai } supra). The isolation (e.g., by cloning and 
sequencing) of such sites should identify the sequences that are coming together to 
form the folded structures, thus facilitating bridge oligonucleotide design. A 
second approach is similar, but without the use of primers adjacent to any 
particular putative structure. In this embodiment, a strand to be analyzed is primed 
using a normal primer, and synthesis is carried out in the same or similar strand 
switch favoring conditions. The use of conditions that favor base misincorporation 
(e.g.,. by the use of manganese in the synthesis reactions), and therefore promote 
n pausing; of the polymerase, would provide additional opportunity for branch 
migration and strand switching. The analysis of the junction sites would then 
follow as with the first approach. By these methods, both sides of a cleavage 
structure could be identified. It is also expected that alternative pairing partners for 
various sequences would be represented in the collection of molecules created. 

To distinguish between related nucleic acids, the regions that show different 
sites of cleavage or modification have the highest probability of having secondary 
structures that will respond differently to probes in the methods of the present 
invention. This is for two reasons. First, the cleavage or modification is physical 
evidence that a structure may form at a given site under the conditions of the 
cleavage or modification assay. Second, the structures that are detected by the 
CFLP® method have been found to be predominantly local {i.e., formed from 
sequences that are close to each other along the nucleic acid strand, Brow et al, 




iangcs observed are likely to be caused by base changes near the 
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altered cleavage site. By designing oligonucleotide probes to hybridize or complex 
with the regions showing different sites of cleavage or modification there is a 
higher probability of finding either a base change (primary structure variation) or a 
folding change (secondary structure variation) that will affect the complexing of the 
probe to that site, thus facilitating the distinction between the comparison targets. 
Because of the complex nature of the folded structure formation as described above 
and because any given probe may interact with the target in a number of ways, 
choosing a probe in this way is not a guarantee that any particular probe will 
provide a diagnostic distinction. This is offered as a guide to increase the 
probability that it will. When working with an uncharacterized target or set of 
targets, the use of a multiplicity of such probes will give the most distinctive, 
signature of probe/target complex formation. V rx*: 

In one embodiment, it is preferred that the probes used in the methods of 
the present invention be short enough to provide distinctive hybridization signatures 
for variants of a target. Probes longer than about 20 nt (e.g., 20 to 40 nt) can 
interact with target nucleic acids in a specific manner at elevated temperatures (e.g., 
higher than about 40°C) and thus are suitable for use in the present methods. 
However, probes in this size range may interact with multiple sites on the target if 
the reaction is performed below about 40°C, reducing the distinction between 
variants. If this is the case, higher reaction temperatures or more stringent solution 
conditions (e.g., lower salt, the inclusion of helix-destabilizing agents such as 
dimethyl sulfoxide or formamide) may prove useful in enhancing the distinction 
between targets. In a particularly preferred embodiment, the method of the present 
invention is performed at ambient temperatures (e.g., 20 to 25°C). When the assay 
is performed at room temperature, small probes with T m s of 40°C or less (e.g., 10 
to 20 nt) can provide the discrimination necessary, as shown in the examples 
below. Probes in this size range are also less likely to fold on themselves under 
the reaction conditions, an effect that would reduce the binding efficacy of a probe 
without regard to the structure of the target. 
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As stated above, the capture probe may interact with the target in any 
number of ways. For example, in another embodiment, the capture probes may 
contact more than one region of the target nucleic acid. When the target nucleic 
acid is folded as described, two or more of the regions that remain single stranded 
5 may be sufficiently proximal to allow contact with a single capture probe. The 

capture oligonucleotide in such a configuration is referred to herein as a "bridge" or 
"bridging" oligonucleotide, to reflect the fact that it may interact with distal regions 
within the target nucleic acid. The use of the terms "bridge" and "bridging" is not 
intended to limit these distal interactions to any particular type of interaction. It is 
10 contemplated that these interactions may include non-canonical nucleic acid 

interactions known in the art, such as G-T base pairs, Hoogstein interactions, 
triplex structures, quadraplex aggregates, and the multibase hydrogen bonding such 
as is observed within nucleic acid tertiary structures, such as those found in tRNAs. 
The terms are also not intended to indicate any particular spatial orientation of the 
15 regions of interaction on the target strand, Le. 9 it is not intended that the order of 

the contact regions in a bridge oligonucleotide be required to be in, the same;- 
sequential order as the; corresponding contact regions in the target strand. The 
order may be* inverted or otherwise shuffled. ; n . •■ wj<w>^ 
'b&u It is known that synthetic oligonucleotides can be hybridized to non- 
20 i contiguous sequences in both RNA and DNA strands, in a manner that either 

causes the intervening sequence to loop out, or that bridges the base of an internal 
folded structure (Richardson et a/., J. Am. Chem. Soa, 113:5109 [1991]; Francois 
et al, Nucl. Acid. Res., 22: 3943 [1994]). However, these references do not 
suggest the design or use of bridging oligonucleotides that can distinguish between 
25 the different folded structures, or that bind with significantly reduced efficiency 

when the intervening sequence is unstructured. The present invention provides 
methods for the use and design of bridge capture probes with minimally stable 
regions of complementarity to make these bridge probes sensitive to changes in the 
target strand structure. Minimal stability (i.e., with a very low melting 
30 temperature), may be created in a number of ways, including by the use of short 

lengths of complementarity, low G-C basepair content, and/or the use of base 
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analogs or mismatches to reduce the melting temperature. To test the effects of 
variations in the target structure on the efficiency of capture with different lengths 
of bridge probes, three test molecules were created; these are shown in schematic 
representation in Figure 10. Test molecule #80 (SEQ ID NO:39) has a long 
5 segment of self complementarity and when folded as shown, the 8 basepair hairpin 

formed by this oligonucleotide is further stabilized by a "tri-loop" sequence in the 
loop end (/.e., three nucleotides form the loop portion of the hairpin) (Hiraro et ai, 
Nucleic Acids Res. 22(4):576 [1994]). In test molecule #81 (SEQ ID NO:40), the 
stem is interrupted by 2 mismatches to form a less stable structure, and the region 
10 of self-complementarity is entirely removed in test molecule #82 (SEQ ID NO:41). 

All three of these molecules have identical target regions for the binding of the 
capture oligonucleotides, and an examination of their use is described in Example 
6. 

When a bridging oligonucleotide contacts sequences on either side of a 

15 basepaired stem, the structure formed is termed a three-way or three-arm junction. 

Such junctions have been studied extensively to determine their physical structure 
and to assess the differences that occur in the physical structure when additional 
nucleotides are included in these structures. When extra nucleotides are included at 
the junction site, where the three strands come together (Le. t when a 'bulged' 

20 structure is formed), it has been shown that the structure is more flexible and that 

some degree of coaxial stacking between the arms stabilized the structure compared 
to the unbulged- structure (See e.g., Zhong et aL 9 Biochem., 32:6898 [1993]; and 
Yang et ah, Biochem., 35:7959 [1996]). The inclusion of two thymidine 
nucleotides in the portion of the probe that forms the junction is particularly 

25 preferred. 

There are a number of approaches that may be used in the design or 
selection of bridging capture probes. As noted above, the term "capture probes" is 
not intended to limit the application of the bridging probes of the present invention 
to the capture of a target strand onto a solid support. Additional applications of the 

30 bridging probes are described in the Experimental Examples, below. Furthermore, 

for simplicity of discussion and to avoid repetition, this section describes one 
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embodiment of the present invention, namely a process for creating bridge 
oligonucleotides that interact with only two regions of a target nucleic acid. It is 
not intended, however, that the invention be limited to the use of oligonucleotides 
that have only two sites of interaction. It is contemplated that bridge 
5 oligonucleotides may be created that can interact with many sites on a folded target 

molecule. 

Bridge oligonucleotides may be created by the joining two or more short 
oligonucleotide sequences. The creation of bridge oligonucleotides may be based 
upon observations that these sequences have been determined to interact with a 

10 given folded target when used in isolation, without limitation to any particular 

nature of interaction, or they may be deduced to be capable of such interaction by 
virtue of sequence composition, complementarity, or like analysis. For 
convenience, such sequences are termed herein "contact sequences," to reflect the 
putative ability of such a sequence to contact the target molecule. The designation 

15 of a particular sequence as a contact sequence is not intended to imply that the 

sequence is , in contact, or is required to contact a target in any particular 
embodiment. : ; ; : ; • .,- !J; . : ... . . . •. ; , ; 

;am vSi In alternative embodiments, contact sequences may be joined by iv ni 1 ♦ 
synthesizing or otherwise creating a new oligonucleotide that incorporates both 

20 sequences into a single molecule. In one embodiment, the sequences are joined 

contiguously within the bridge oligonucleotide (Le., without any intervening 
nucleotides or other space-filling material). In another embodiment, the contact 
sequences are non-contiguous, with the spacing provided by additional nucleotides. 
In a preferred embodiment, the contact sequences are bridged by two thymidine 

25 nucleotides, as depicted in several of the bridging probes in Figure 1 1 A. In 

another preferred embodiment, the contact sequences in the bridging 
oligonucleotide are connected by a segment of nucleic acid containing a region of 
self-complementarity, such that the bridging oligonucleotide itself contains a folded 
structure. A stem-loop folded structure within the bridge oligonucleotide, if 

30 situated opposite a stem in the target nucleic acid, would permit the formation of a 
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four-way Holliday structure, which is stabilized by coaxial stacking of the arms 
(Duckett et al, Cell 55:79 [1988]). 

Alternatively, the bridge oligonucleotide may be created by linking the 
individual sequences with non-nucleotide spacers such as those commonly known 
5 in the art, such as d-spacers (Glen Research Corp. (Sterling, VA), or other chemical 

chains, such as polyethers (Cload and Shephartz, J. Am. Chem. Soc, 
113:6324[1991]). 

Contact sequences may also be linked to form the bridge probes post 
synthetically, by enzymatic (e.g., ligation) or by chemical interaction to produce 

10 either covalent (e.g., cross-linked) or non-covalent bonds (e.g., affinity bonds such 

as formed in an antigen-antibody interaction). 

The formation of the complexes between the probes and the targets may be 
performed using a wide variety of solution conditions. Conditions considered to be 
"low stringency" have been well defined in the areas of hybridization to filters and 

15 membranes (Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd ed. 

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY [1989]) and to 
other solid supports, such as silicon or glass wafers, chips or slides (Maskos and 
Southern; Nucl; Acids Res., 20:1675 [1992]). It is contemplated that the formation 
of the complexes may be done in solution, before the binding of either the target or 

20 the probe to a solid support, or it may be done after one of the molecules has been 

bound to the support. It is recognized, and considered to be within the scope of 
the invention, that the kinetics and mechanics of complex formation may differ 
depending on whether complex formation is performed in solution or on a solid 
support. The identity of the support would also be expected to influence the 

25 complex formation. However, as long as complexes can be made to form at 

detectable levels, a set of conditions is considered appropriate for use in the present 
methods. 

It is further contemplated that the complexes may be formed on nucleic 
acids that have not been isolated from a sample source, such as in live cells (in 
30 vivo) or in tissue samples (in situ). It is also contemplated that a nucleic acid 

found within a cell may be native to that cell, or may be transferred into the cell 
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(e.g., by viral infection, by laboratory-induced transfection, or by in vivo 
transcription from an introduced nucleic acid). The methods of the present 
invention as applied to nucleic acids within cells are not limited to nucleic acids of 
any particular origin or cell type. 

A number of solid supports known in the art are contemplated for use with 
the methods of the present invention. In the examples below, a 96-well microtiter 
plate is used as a support medium. The method may also be applied to other 
supports nucleic acid commonly used for nucleic acid analyses, including but not 
limited to beads, particles, membranes, filters, dipsticks, slides, plates and 
microchips. Such supports may be composed of a number of materials known to 
be compatible with nucleic acids analyses, including but not limited to agarose, 
styrene, nylon, glass and silicon. 

Individual complex formation {i.e., assessing a single target with a single 
probe) may be sufficiently informative for some applications. In other applications, 
it may be desirable to use a number of probes against a single target. For a large 
- number of probes, it may be useful to use an array format, in which a large number 
of probes are bound to a surface in an ordered pattern. Means, for creating such 
arrays on surfaces such as glass slides and microchips are known in the art : : ; . • > 
• (Southern etal. , Genomics 13:1008 [1992]; Chee et aU Science 274:610 [1996]; 
>i md Foder et al., Science 251:767 [1991]; and U.Si Patent Nos. 5,436,327 to. 
Southern et al y 5,429,807 to Matson et al and 5,599,695 to Pease et al y all of 
which are herein incorporated by reference). 

A. Use of Bridging Oligonucleotides in Catalyzed Reactions 

As discussed above, it is contemplated that any catalyzed reaction that is 
specifically operative on a duplex formed between a target nucleic acid and a 
substantially complementary probe may be configured to perform on the bridging 
probe/folded target complex. Examples demonstrating the use of bridging probes 
in primer extension, ligation and structure-specific nuclease cleavage are provided 
below. Primer extension reactions and ligation reactions are well known in the art 
and the basic method for performing these reaction are published (See e.g., 
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Sambrook et al, supra), as well as often being provided by the manufactures of the 
enzymes. The Invader™ invasive cleavage reaction is based on the use of a 
structure-specific nuclease that is used to cleave oligonucleotide probes once they 
hybridize to a target nucleic acid. The nature of the reaction allows the cleavage of 
many copies of the probe oligonucleotide for each copy of the target nucleic acid. 
Complete descriptions of the technology and its variables are included in PCT 
International Application No. PCT/US97/01072 (WO 97/27214) and co-pending 
Application Serial Nos. 08/599,491, 08/682,853, 08/756,386, 08/759,038, and 
08/823,516, all of which are herein incorporated by reference. Briefly, The 
Invader™ assay is a method for detecting a specific target sequence within a 
nucleic acid mixture. The assay depends on the coordinate actions of at least two 
synthetic oligonucleotides, together constituting a probe system, and a structure- 
specific nuclease. The oligonucleotides of the probe system may be referred to as 
the signal oligonucleotide and the Invader™ oligonucleotide. By the extent of their 
substantial complementarity to the target strand, each of these oligonucleotides 
defines a specific region of the target strand. These regions must be oriented such 
that when the probe system is hybridized to the target strand, the Invader™ 
oligonucleotide is upstream of the signal oligonucleotide and such that the : ■ = s 
Invader™ oligonucleotide sequence either overlaps with the probe oligonucleotide 
sequence by at least one nucleotide (i.e. t the two regions of the target nucleic acid 
defined by the oligonucleotides of the probe system share at least one nucleotide), 
or, when there is no overlap, the two target regions defined by the oligonucleotides 
must abut, and the 3' terminus of the Invader™ oligonucleotide must have a single 
additional nucleotide that is not complementary to the target strand at that site. 

The nuclease recognizes the structure formed by hybridization of the probe 
system to the specific target nucleic acid and cleaves the signal oligonucleotide, the 
precise site of cleavage being dependent on the amount of its overlap with the 
Invader™ oligonucleotide. If the reaction is run such that the structure can 
partially disassemble to allow cleaved signal oligonucleotide to be replaced by 
intact signal oligonucleotide (e.g., performed at an elevated temperature to promote 
rapid dissociation and association of signal probes), then multiple probes may be 
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cleaved for each copy of the target nucleic acid, the amount of target present then 
being calculable from the rate of product accumulation and the time of incubation. 

The nucleases of the Invader™ assay include any nuclease capable of 
specifically recognizing the structure defined above, and cleaving within the signal 
oligonucleotide, thereby creating cleavage products. Such nucleases include, but 
are not limited to the 5' nucleases associated with eubacterial DNA polymerases, 
and the DNA repair-associated nucleases of the FEN1, RAD2 and XPG classes. 

The oligonucleotides of the Invader™ probe system may comprise DNA, 
RNA, PNA and combinations thereof, as well as modified nucleotides, universal 
bases, adducts, etc. They may be either fully or partially complementary to their 
cognate target sequences. In addition, they may be labeled or unlabeled. 

Detection may be by analysis of cleavage products or by analysis of 
remaining uncleaved signal probe. Detection of the cleavage products may be 
through release of a label. Such labels comprise: dyes; radiolabels such as 32 P; 
binding moieties such as biotin; haptens such as digoxgenin; luminogenic, 
phosphorescent or fluorogenic moieties - fluorescent dyes alone or in combination 
, : with moieties that .can suppress or shift emission spectra : by fluorescence resonance 
: ,rii energy transfer .(FRET)^,,,. .„ t ,;^>»» ^ - — .;i >,..,^y^L: ■. , 

Cleavage products may be analyzed by physical separation (e.g., by 
.electrophoresis, hybridization or by selective, binding to a support) or without 
physical separation (e.g., by changes in fluorescence in FRET-based analysis, or by 
change in rotation rate in solution in fluorescence polarization analysis). 

Cleavage products can be used subsequently in any reaction or read-out 
method that can make use of oligonucleotides. Such reactions include enzyme 
dependent modification reaction, such as ligation, tailing with a template- 
independent nucleic acid polymerase and primer extension with a template- 
dependent nucleic acid polymerase. The modification of the products may serve to 
add one or more labels or binding moieties, to alter mass, to add specific 
sequences, or to otherwise facilitate specific analysis of the cleavage products. 

Cleavage product may be used to complete a functional structure, such as a 
competent promoter for in vitro transcription or other protein binding site. The 
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oligonucleotide product may also be used to complete a cleavage structure to 
enable a subsequent invasive cleavage reaction, the product of which may be 
detected or used by any of the methods described above, including the participation 
in further invasive cleavage reactions. 

5 It is envisioned that any or all of the oligonucleotide probes used in the 

Invader™ assay may be made to contact non-contiguous sequences in the target 
strand. In the Examples below, the upstream Invader™ oligonucleotide is made to 
bridge a structure, thus directing the cleavage of a non-bridging probe. 

Specific applications of the structure probing methods of the present 

10 invention are described below. 

B. Detection and Identification of Pathogens 
Using the Structure Probing Method 

15 1. Detection and Identification of 

• — Multi-Drug Resistant M. tuberculosis 

'In the past decade there has been a tremendous resurgence in the incidence 
of tuberculosis in this country and throughout the world. In the United States, the 
incidence of tuberculosis has risen steadily during past decade, accounting for 2000 

20 deaths annually, with as many as 10 million Americans infected with the disease. 

The situation is critical in New York City, where the incidence has more than 
doubled in the past decade, accounting for 14% of all new cases in the United 
States in 1990 (Frieden et ai 9 New Engl. J. Med., 328:521 [1993]). 

The crisis in New York City is particularly dire because a significant 

25 proportion (as many as one-third) of the recent cases are resistant to one or more 

anti-tuberculosis drugs (Frieden et al, supra and Hughes, Scrip Magazine May 
[1994]). Multi-drug resistant tuberculosis (MDR-TB) is an iatrogenic disease that 
arises from incomplete treatment of a primary infection (Jacobs, Jr., Clin. Infect. 
Dis., 19:1 [1994]). MDR-TB appears to pose an especially serious risk to the 

30 immunocompromised, who are more likely to be infected with MDR-TB strains 

than are otherwise healthy individuals [Jacobs, Jr., supra]. The mortality rate of 
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MDR-TB in immunocompromised individuals is alarmingly high, often exceeding 
90%, compared to a mortality rate of <50% in otherwise uncompromised 
individuals (Donnabella et ai, Am. J. Respir. Dis., 11:639 [1994]). 

From a clinical standpoint, tuberculosis has always been difficult to 
diagnose because of the extremely long generation time of Mycobacterium 
tuberculosis as well as the environmental prevalence of other, faster growing 
mycobacterial species. The doubling time of M tuberculosis is 20-24 hours, and 
growth by conventional methods typically requires 4 to 6 weeks to positively 
identify M. tuberculosis (Jacobs, Jr. et al. y Science 260:819 [1993] and Shinnick 
and Jones in Tuberculosis: Pathogenesis, Protection and Control, Bloom, ed., 
American Society of Microbiology, Washington, D.C. [1994], pp. 517-530). It can 
take an additional 3 to 6 weeks to diagnose the drug susceptibility of a given strain 
(Shinnick and Jones, supra). Needless to say, the health risks to the infected 
individual, as well as to the public, during a protracted period in which the patient 
may or may not be symptomatic, but is almost certainly contagious, are 
considerable. Once a drug resistance profile has been elucidated and a diagnosis 
made, treatment of a single patient can cost up to $250,000 and require 24 months. 

The recent explosion in the incidence of the disease, together with the dire 
risks posed by MDR strains, have combined to spur a burst of research activity and 
commercial development of procedures and products aimed at accelerating the > 
detection of M tuberculosis as well the elucidation of drug resistance profiles of 
M. tuberculosis clinical isolates. A number of these methods are devoted primarily 
to the task of determining whether a given strain is M, tuberculosis or a 
mycobacterial species other than tuberculosis. Both culture based methods and 
nucleic-acid based methods have been developed that allow M. tuberculosis to be 
positively identified more rapidly than by classical methods: detection times have 
been reduced from greater than 6 weeks to as little as two weeks (culture-based 
methods) or two days (nucleic acid-based methods). While culture-based methods 
are currently in wide-spread use in clinical laboratories, a number of rapid nucleic 
acid-based methods that can be applied directly to clinical samples are under 
development. For all of the techniques described below, it is necessary to first 
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"decontaminate" the clinical samples, such as sputum (usually done by pretreatment 
with N-acetyl L-cysteine and NaOH) to reduce contamination by non-mycobacterial 
species (Shinnick and Jones, supra). 

The polymerase chain reaction (PCR) has been applied to the detection of 

5 A£ tuberculosis and can be used to detect its presence directly from clinical 

specimens within one to two days. The more sensitive techniques rely on a 
two-step procedure: the first step is the PCR amplification itself, the second is an 
analytical step such as hybridization of the amplicon to a M. tuberculosis-specific 
oligonucleotide probe, or analysis by RFLP or DNA sequencing (Shinnick and 

10 Jones, supra). 

The Amplified M tuberculosis Direct Test (AMTDT; Gen-Probe) relies on 
Transcription Mediated Amplification (TMA; essentially a self-sustained sequence 
reaction [3SR] amplification) to amplify target rRNA sequences directly from 
clinical specimens. Once the rRNA has been amplified, it is then detected by a 

15 dye-labeled assay such as the PACE2. This assay is highly subject to inhibition by 

substances present in clinical samples. / 

- The Cycling Probe Reaction (CPR; ID Biomedical). This technique, which 
is under development as a diagnostic tool for detecting the presence of M. 
tuberculosis, measures the accumulation of signal probe molecules. The signal 

20 amplification is accomplished by hybridizing tripartite DNA-RNA-DNA probes to 

target nucleic acids, such as M tuberculosis-specific sequences. Upon the addition 
of RNAse H, the RNA portion of the chimeric probe is degraded, releasing the 
DNA portions, which accumulate linearly over time to indicate that the target- 
sequence is present (Yule, Bio/Technol., 12:1335 [1994]). The need to use of 

25 RNA probes is a drawback, particularly for use in crude clinical samples, where 

RNase contamination is often rampant. 

The above nucleic acid-based detection and differentiation methods offer a 
clear time savings over the more traditional, culture-based methods. While they are 
beginning to enter the clinical setting, their usefulness in the routine diagnosis of 

30 M tuberculosis is still in question, in large part because of problems with 

associated with cross-contamination and low-sensitivity relative to culture-based 
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methods. In addition, many of these procedures are limited to analysis of 
respiratory specimens (Yule, supra). 



i) Determination Of The Antibiotic Resistance Profile Of M. 
tuberculosis 

a) Culture-based methods: Once a positive identification of 
M. tuberculosis has been made, it is necessary to characterize the extent and nature 
of the strain's resistance to antibiotics. The traditional method used to determine 
antibiotic resistance is the direct proportion agar dilution method, in which dilutions 
of culture are plated on media containing antibiotics and on control media without 
antibiotics. This method typically adds an additional 2-6 weeks to the time required 
for diagnosis and characterization of an unknown clinical sample (Jacobs, Jr., 
supra). 

The Luciferase Reporter Mycobacteriophage (LRM) assay was first 
described in 1993 (Jacobs, Jr. et al [1993], supra). In this assay, a 
mycobacteriophage containing a cloned copy of the luciferase gene is used to infect 
mycobacterial cultures. In the presence of luciferin and ATP, the expressed 
luciferase produces photons, easily distinguishable by eye or by a luminometer, 
allowing a precise determination of the extent of mycobacterial growth in the 
presence of antibiotics. Once sufficient culture has been obtained (usually 10-14 
days post-inoculation), the assay can be completed in 2 days. This method suffers 
from the fact that the LRM are not specific for M tuberculosis: they also infect 
M. smegmatis and M bovis (e.g., BCG), thereby complicating the interpretation of 
positive results. Discrimination between the two species must be accomplished by 
growth on specialized media which does not support the growth of M. tuberculosis 
(e.g., NAP media). This confirmation requires another 2 to 4 days. 

The above culture-based methods for determining antibiotic resistance will 
continue to play a role in assessing the effectiveness of putative new 
anti-mycobacterial agents and those drugs for which a genetic target has not yet 
been identified. However, recent success in elucidating the molecular basis for 
resistance to a number of anti-mycobacterial agents, including many of the 
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front-line drugs, has made possible the use of much faster, more accurate and more 
informative DNA polymorphism-based assays. 

b) DNA-based methods: Genetic loci involved in resistance to 
isoniazid, rifampin, streptomycin, fluoroquinolones, and ethionamide have been 
identified (Jacobs, Jr., supra\ Heym et al. 9 Lancet 344:293 [1994]; and Morris et 
al 9 J. Infect. Dis., 171:954 [1995]. A combination of isoniazid (inh) and rifampin 
(rif) along with pyrazinamide and ethambutol or streptomycin, is routinely used as 
the first line of attack against confirmed cases of M. tuberculosis (Banerjee et al, 
Science 263:227 [1994]). Consequently, resistance to one or more of these drugs 
can have disastrous implications for short course chemotherapy treatment. The 
increasing incidence of such resistant strains necessitates the development of rapid 
assays to detect them and thereby reduce the expense and community health 
hazards of pursuing ineffective, and possibly detrimental, treatments. The 
identification of some of the genetic loci involved in drug resistance has facilitated 
the adoption of mutation detection technologies for rapid screening of nucleotide 
changes that result in drug resistance. The availability of amplification.procedures 
such as PCR and SDA, which have been successful in replicating large amounts of 
target DNA directly from clinical specimens, makes DNA-based approaches to 
antibiotic profiling far more rapid than conventional, culture-based methods. 
i\ i -0 Th^ most widely employed techniques in the genetic identification of 
mutations leading to drug resistance are DNA sequencing, Restriction Fragment 
Length Polymorphism (RFLP), PCR-Single Stranded Conformational 
Polymorphism (PCR-SSCP), and PCR-dideoxyfingerprinting (PCR-ddF). AH of 
these techniques have drawbacks as discussed above. None of them offers a rapid, 
reproducible means of precisely and uniquely identifying individual alleles. 

In contrast, the structure probing methods of the present invention provide 
an approach that relies on interactions of oligonucleotide probes with the target 
nucleic acid on the primary, secondary and tertiary structure level. This method 
requires a fraction of the time, skill and expense of the techniques described above, 
and can be performed using instrumentation commonly found in the clinical lab 
(e.g., a microtiter plate reader). 
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The application of this method to the detection of MDR-TB is illustrated 
herein using segments of DNA amplified from katG gene. Other genes associated 
with MDR-TB, including but not limited to those involved in conferring resistance 
to isoniazid (inhA), streptomycin (rpsL and rrs), and fluoroquinoline (gyrA), are 
equally well suited to the structure probing assay of the present invention. 

2. Detection and Identification of Hepatitis C Vims 
Hepatitis C virus (HCV) infection is the predominant cause of 
post-transfiision non-A, non-B (NANB) hepatitis around the world. In addition, 
HCV is the major etiologic agent of hepatocellular carcinoma (HCC) and chronic 
liver disease world wide. HCV infection is transmitted primarily to blood 
transfusion recipients and intravenous drug users although maternal transmission to 
offspring and transmission to recipients of organ transplants have been reported. 

The genome of the positive-stranded RNA hepatitis C virus comprises 
several regions including 5' and 3' noncoding regions (i.e., 5' and 3' untranslated 
regions) and a polyprotein coding region which encodes the core protein (C), two 
envelope glycoproteins (E 1 and E2/NS 1 ) and six nonstructural glycoproteins * 
£(NS2-NS5b). Molecular biological analysis of the small (9.4 kb), RNA . genome has 
showed that some regions of the genome are very highly conserved between 
isolates, while other regions are fairly rapidly changeable. The 5' noncoding t 
region (NCR) is the most highly conserved region in the HCV. These analyses 
have allowed these viruses to be divided into six basic genotype groups, and then 
farther classified into over a dozen sub-types (the nomenclature and division of 
HCV genotypes is evolving; See Altamirano et aL 9 J. Infect. Dis., 171:1034 [1995] 
for a recent classification scheme). These viral groups are associated with different 
geographical areas, and accurate identification of the agent in outbreaks is 
important in monitoring the disease. While only Group 1 HCV has been observed 
in the United States, multiple HCV genotypes have been observed in both Europe 
and Japan. 



- 103 - 



WO 98/50403 PCT/US98/03 1 94 

The ability to determine the genotype of viral isolates also allows 
comparisons of the clinical outcomes from infection by the different types of HCV, 
and from infection by multiple types in a single individual. HCV type has also 
been associated with differential efficacy of treatment with interferon, with Group 1 
infected individuals showing little response (Kanai et ai 9 Lancet 339:1543 [1992] 
and Yoshioka et aL, Hepatol., 16:293 [1992]). Pre-screening of infected 
individuals for the viral type will allow the clinician to make a more accurate 
diagnosis, and to avoid costly but fruitless drug treatment. 

Existing methods for determining the genotype of HCV isolates include 
traditional serotyping, PCR amplification of segments of the HCV genome coupled 
with either DNA sequencing or hybridization to HCV-specific probes and RFEP 
analysis of PCR amplified HCV DNA. All of these methods suffer from the.% 
limitations discussed above DNA sequencing is too labor-intensive and 
expensive to be practical in clinical laboratory settings; RFLP analysis suffers from 
low sensitivity). 

Universal and genotype specific primers have been designed for the 
amplification of HCV sequences from RNA extracted from plasma or serum, 
*** (Okamoto eisal; J/Gen. ViroL, 73:673 [1992]; ^oshioka^ aA; Hepatol, 10:293 
[1992] and- Altarairano et al t supra). These primers can be used to generate PCR 
products which serve as substrates in the structure probing assay of the present 
invention. As shown herein, the structure probing assay provides a rapid and 
accurate method of typing HCV isolates. The structure probing analysis of HCV 
substrates allows a distinction to be made between the major genotypes and 
subtypes of HCV thus providing improved methods for the genotyping of HCV 
isolates. 

3. Detection and Identification of Bacterial Pathogens 

Identification and typing of bacterial pathogens is critical in the clinical 
management of infectious diseases. Precise identity of a microbe is used not only 
to differentiate a disease state from a healthy state, but is also fundamental to 
determining whether and which antibiotics or other antimicrobial therapies are most 
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suitable for treatment. Traditional methods of pathogen typing have used a variety 
of phenotypic features, including growth characteristics, color, cell or colony 
morphology, antibiotic susceptibility, staining, smell and reactivity with specific 
antibodies to identify bacteria. All of these methods require culture of the 

5 suspected pathogen, which suffers from a number of serious shortcomings, 

including high material and labor costs, danger of worker exposure, false positives 
due to mishandling and false negatives due to low numbers of viable cells or due to 
the fastidious culture requirements of many pathogens. In addition, culture 
methods require a relatively long time to achieve diagnosis, and because of the 

10 potentially life-threatening nature of such infections, antimicrobial therapy is often 

started before the results can be obtained. In many cases the pathogens are very 
similar to the organisms that make up the normal flora, and may be 
indistinguishable from the innocuous strains by the methods cited above. In these 
cases, determination of the presence of the pathogenic strain may require the higher 

15 resolution afforded by more recently developed molecular typing methods. 

a u; A number of methods of examining the genetic material fronuorganisms of 
interest have been developed. One way of performing this type of analysis is by 
hybridization of species-specific nucleic acid probes to the,PNA or RNA from the 
organism to be tested. This is done by immobilizing the denatured nucleic acid to 

20 / be tested on a membrane support, and probing with labeled- nucleic acids that will 
bind only in the presence of the DNA or RNA from the pathogen. In this way, 
pathogens can be identified. Organisms can be further differentiated by using the 
RFLP method described above, in which the genomic DNA is digested with one or 
more restriction enzymes before electrophoretic separation and transfer to a 

25 nitrocellulose or nylon membrane support. Probing with the species-specific 

nucleic acid probes will reveal a banding pattern that, if it shows variation 
between isolates, can be used as a reproducible way of discriminating between 
strains. However, these methods are susceptible to the drawbacks outlined above: 
assays based on sequence-specific hybridization to complex (Le., whole genome) 

30 targets are time-consuming and may give false or misleading results if the 

stringency of the hybridization is not well controlled, and RFLP identification is 
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dependent on the presence of suitable restriction sites in the DNA to be analyzed. 

To address these concerns about hybridization and RFLP as diagnostic tools, 
several methods of molecular analysis based on polymerase chain reaction (PCR) 
amplification have gained popularity. In one well-accepted method, called PCR 
5 fingerprinting, the size of a fragment generated by PCR is used as an identifier. In 

this type of assay, the primers are targeted to regions containing variable numbers 
of tandem repeated sequences (referred to as VNTRs an eukaryotes). The number 
of repeats, and thus the length of the PCR amplicon, can be characteristic of a 
given pathogen, and co-amplification of several of these loci in a single reaction 

10 can create specific and reproducible fingerprints, allowing discrimination between 

closely related species. 

In some cases where organisms are very closely related, however, the target 
of the amplification does not display a size difference, and the amplified segment 
must be further probed to achieve more precise identification. This may be done 

15 on a solid support, in a fashion analogous to the whole-genome hybridization 

described above, but this has the same problem with variable stringency as that 
assay. Alternatively the interior of the PCR fragment may be used as a template 
5 ^for a sequencer-specific ligation event As outlined above- for the LCR* in this ; 
method, single stranded probes to be ligated are positioned along the sequence of 

20 ii interest on either side of an identifying polymorphism, so that the success or failure 
of the ligation will indicate the presence or absence of a specific nucleotide 
sequence at that site. With either hybridization or ligation methods of PCR product 
analysis, knowledge of the precise sequence in the area of probe binding must be 
obtained in advance, and differences outside the probe binding area are not : ■ 

25 detected. These methods are poorly suited to the examination and typing of new 

isolates that have not been fully characterized. 

In the methods of the present invention, primers that recognize conserved 
regions of bacterial ribosomal RNA genes allow amplification of segments of these 
genes that include sites of variation. The variations in ribosomal gene sequences 

30 have become an accepted method not only of differentiating between similar 

organisms on a DNA sequence level, but their consistent rate of change allows 
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these sequences to be used to evaluate the evolutionary relatedness of organisms. 
That is to say, the more similar the nucleic acid is at the sequence level, the more 
closely related the organisms in discussion are considered to be (Woese, Microbiol. 
Rev., 51:221-271 [1987]). The present invention allows the amplification products 
derived from these sequences to be used to create highly individual structural 
fingerprints (e.g., profiles of the complex formation with an array of probes), 
allowing the detection of sequence polymorphisms without prior knowledge of the 
site, character or even the presence of the polymorphisms. With appropriate 
selection of primers, the PGR amplification can be made to be either all-inclusive 
(e.g., using the most highly conserved ribosomal sequences) to generate PCR 
products that, when analyzed using the methods of the present invention, allow 
comparison of distantly related organisms, or the primers can be chosen to be very 
specific for a given genus, to allow examination at the species and subspecies level. 
While the examination of ribosomal genes is extremely useful in these 
characterizations, the use of the structure probing method in bacterial typing is not 
limited to these genes.,, Other genes, including; but not limited to those associated 
r^with, specific (growth characteristics, (e.g.,.carbon source, preference, antibiotic^ 
^resistance,, resistance to methicillin or antigen production), or with particular cell , 
morphologies (such as pilus formation) are equally well suited to the structure 
probing assay of the present invention. 

C. Extraction of Nucleic Acids From Clinical Samples 

To provide nucleic acid substrates for use in the detection and identification 
of microorganisms in clinical samples using the structure probing assay, nucleic 
acid is extracted from the sample. The nucleic acid may be extracted from a 
variety of clinical samples (fresh or frozen tissue, suspensions of cells [e.g., blood], 
cerebral spinal fluid, sputum, urine, etc.) using a variety of standard techniques or 
commercially available kits. For example, kits which allow the isolation of RNA 
or DNA from tissue samples are available from Qiagen, Inc. (Chatsworth, CA) and 
Stratagene (La Jolla, CA). For example, the QIAamp Blood kits permit the 
isolation of DNA from blood (fresh, frozen or dried) as well as bone marrow, body 
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fluids or cell suspensions. QIAamp tissue kits permit the isolation of DNA from 
tissues such as muscles, organs and tumors. 

It has been found that crude extracts from relatively homogenous specimens 
(such as blood, bacterial colonies, viral plaques, or cerebral spinal fluid) are better 

5 suited to severing as templates for the amplification of unique PCR products than 

are more composite specimens (such as urine, sputum or feces) (Shibata in PCR: 
The Polymerase Chain Reaction, Mullis et al y eds., Birkhauser, Boston [1994], pp. 
47-54). Samples which contain relatively few copies of the material to be 
amplified (i.e., the target nucleic acid), such as cerebral spinal fluid, can be added 

10 directly to a PCR. Blood samples have posed a special problem in PCRs due to 

the inhibitory properties of red blood cells. The red blood cells must be removed 
prior to the use of blood in a PCR; there are both classical and commercially 
available methods for this purpose {e.g., QIAamp Blood kits, passage through a 
Chelex 100 column [BioRad], etc.). Extraction of nucleic acid from sputum, the 

15 specimen of choice for the direct detection of M tuberculosis, requires prior 

decontamination to kill or inhibit the- growth of other bacterial species. This ' 
decontamihation is typically accomplished by treatment of the sample with N-acetyl 
L-cysteine and NaOH (Shinnick and Jones, supra). This decontamination process 
is necessary only when the sputum specimen is to be cultured prior to analysis. 

20 • : ■■■■ ■ 

EXPERIMENTAL 

The following examples serve to illustrate certain preferred embodiments 
and aspects of the present invention and are not to be construed as limiting the 
scope thereof. 

25 In the disclosure which follows, the following abbreviations apply: °C 

(degrees Centigrade); g (gravitational field); vol (volume); w/v (weight to volume); 
v/v (volume to volume); BSA (bovine serum albumin); CTAB 
(cetyltrimethylammonium bromide); HPLC (high pressure liquid chromatography); 
DNA (deoxyribonucleic acid); IVS (intervening sequence); p (plasmid); ml 

30 (microliters); ml (milliliters); mg (micrograms); pmoles (picomoles); mg 

(milligrams); MOPS (3-[N-Morpholino]propanesulfonic acid); M (molar); mM 
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(milliMolar); mM (microMolar); nm (nanometers); nt (nucleotide); bp (base pair); 
kb (kilobase pair); kdal (kilodaltons); OD (optical density); EDTA (ethylene 
diamine tetra-acetic acid); FITC (fluorescein isothiocyanate); IPTG 
(isopropylthiogalactoside); X-Gal (5-bromo-4-chloro-3-indolyl-b-D-galactosidase); 
SDS (sodium dodecyl sulfate); NaP0 4 (sodium phosphate); Tris 
(tris(hydroxymethyl)- aminomethane); PMSF (phenylmethyl-sulfonylfluoride); TBE 
(Tris-Borate-EDTA, i.e., Tris buffer titrated with boric acid rather than HC1 and 
containing EDTA); PBS (phosphate buffered saline); Ab Peptides (Ab Peptides, St. 
Louis, MO); PPBS (phosphate buffered saline containing 1 mM PMSF); PAGE 
(polyacrylamide gel electrophoresis); Tween (polyoxyethylene-sorbitan); JBL (JBL, 
San Louis Obispo, CA); Boehringer Mannheim (Boehringer Mannheim, 
Indianapolis, IN); Dynal (Dynal A.S., Oslo, Norway); Epicentre (Epicentre 
Technologies, Madison, WI); MJ Research (MJ Research, Inc., Watertown, MA); 
National Biosciences (National Biosciences, Plymouth, MN); New England Biolabs 
(New England Biolabs, Beverly, MA); Novagen (Novagen, Inc., Madison, WI); 
Perkin Elmer (Perkin Elmer, Nomalk, ; CT)i :! Promega Corp. (Promega Corp., 
Madisqn, WI); Stratagene (Stratagene Cloning Systems, La Jolla, CA); Third 
tWaygi^rd Wave Teclmologies, Inc., Madison, WI); and USB .(U.S. Biochemical, 
Cleveland, OH). , , y 

. .) lft : 20X SSPE (sodium chloride,;. sodium phosphate, EDTA) contains per liter: 
174 grams NaCl, 27.6 grains NaH 2 P0 4 «H 2 0 and 7.4 grains EDTA; the pH is 
adjusted to 7.4 .with NaOH. PBS (phosphate-buffered saline) contains per liter: 8 
grams NaCl, 0.2 grams KC1, 1.44 grams NajPO, and 0.24 grams KH 2 PO<; the pH 
is adjusted to 7.4 with HC1. 

EXAMPLE 1 

The Presence Of A Structure And A Probe Mismatch In Combination 
Provide More Sensitive Discrimination Than Does Either Effect Alone 

In this Example, the effects on oligonucleotide binding of either the 
formation of an occlusive structure, the presence of a single-base mismatch, or the 
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presence of both at once were examined. To separate the effects on the efficiency 
of binding of structure from the effects of mismatches, four katG DNA target 
variants were chosen (SEQ ID NOS:l, 2, 3 and 4). The structures of these four 
targets in the region of the probe hybridization sites are shown in Figure 2 and the 
existence of the large stem-loop in structures 2C and 2D (SEQ ID NOS:3 and 4, 
respectively) was confirmed by digestion with the structure-specific Cleavase®I 
nuclease (Third Wave) and the cleavage sites are indicated by the arrows on 
structures 2C and 2D. The dark bar on the left of each structure in Figure 2 
indicates the region to which the capture probe is expected to bind. The pointed 
kink in the black bar in structures 2B and 2D indicates a site of mismatch between 
the capture probe and the katG target. 

a) CFLP® Analysis of Mutations in the katG Gene of M 
tuberculosis 

i) Generation of Plasmids Containing katG Gene Sequences 

Genomic DNA^ isolated from wild-type M tuberculosis or M tuberculosis 
strains containing mutations in the katG gene associated with isoniazid resistance 
- were obtained from Dr. J. Uhl (Mayo Clinic, Rochester* MN). These strains are 
termed wild-type and S315T (Cockerill, III et ai 9 J. Infect. Dis., 171:240 [1995]). 
Strain S3 15T Contains a G to C mutation in codon 315 of the wild-type katG gene. 

A 620 bp region of the M tuberculosis katG gene was amplified using the 
PCR from DNA derived from the above strains. The primers used to amplify the 
katG gene sequences were KatG904 (5'-AGCTCGTATGGCACCGGAAC-3')(SEQ 
ID NO:5) and KatG1523 (S^TTGACCTCCCACCCGACTTG^') (SEQ ID NO:6); 
these primers amplify a 620 bp region of katG gene. The PCRs were conducted in 
a final reaction volume of 100 ^il and contained the KatG904 and KatG 1523 
primers at 0.5 mM, 1.5 mM MgCl 2 , 20 mM Tris-HCl, pH 8.3, 50 mM KC1, 0.05 % 
each Tween®-20 and Nonidet® P-40 non-ionic detergents, 60 mM of all 4 dNTPs. 
The reaction mixtures were heated at 95°C for 3 min, then amplification was 
started with addition of 5 units of Taq DNA polymerase and continued for 35 
cycles at 95°C for 1 min, 60°C for 1 min and 72°C for 2 min. 
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To clone the PCR-amplified katG fragments, 1 ^1 of each PCR product was 
used for ligation into the linear pT7Blue T-vector (Novagen, Madison, WI). The 
ligation products were used to transform competent JM109 cells and clones 
containing pT7Blue T-vector with an insert were selected by white color on LB 

5 plates containing 40 mg/ml X-Gal, 40 mg/ml IPTG and 50 mg/ml ampicillin. For 

each of the PCR samples, four colonies were picked and grown overnight in 2 ml 
LB media containing 50 mg/ml carbenicillin. Plasmid DNA was isolated using an 
alkaline miniprep protocol (Sambrook et aL, supra). 

To analyze the cloned katG fragments, 1 |il of plasmid DNA from each 

10 clone was amplified by PCR using 100 \il reactions containing the KatG904 and 

KatG1523 primers at 0.5 mM, 1.5 mM MgCl 2 , 20 mM Tris-HCl, pH 8.3, 50 mM 
KC1, 0.05 % each Tween®-20 and Nonidet® P-40 non-ionic detergents, 60 mM of 
all 4 dNTPs and 5 units of Tag DNA polymerase. The PCRs were cycled 35 times 
at 95°C for 1 min, 60°C for 1 min and 72°C for 2 min. PCR products were 

15 separated by electrophoresis on a 6% native polyacrylamide gel in 0.5X TBE buffer 

and clones that gave rise to a 620 bp fragment were selected for further analysis. 

'■ u Fragments of DNA (391 bp), labeled on the : 5* end of the sense strand with 
tetrachlorofluorescein (TET), were created from the cloned katG genes 'using J 
primers 5 '-TET- AGCTCGTATGGCACCGGAACC-3 ' (SEQ ID NO:7) and 

20 ^ 5'-GGACCAGC GGCCCAAGGTAT-3 ' (SEQ ID NO:8). When the wild type 
katG DNA fragment of this size is denatured by heating and allowed to fold, 
nucleotides A37-C45 base pair with nucleotides G381-T389 (measured from the 5' 
end of the sense strand). The wild type sequence has a G at bp 41 (G41) which is 
complimentary to the C at bp 385 (C385) as shown in Figure 2C; the S315T 

25 mutant sequence contains a C at bp 41 (C41) which is non-complimentary to C385 

and disrupts the formation of the hairpin, as shown in Figure 2B. Two additional 
non-wild type sequences were created by using an alternative primer at the 3' end 
(5 ' -GGACC ACCGGCCCA AGGTATCT-3 ' ; SEQ ID NO:9) which changed C385 to 
G385. This allowed creation of fragments with a G41 to G385 mismatch (Figure 

30 2 A) and a C41 to G385 base pair (Figure 2D). 
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The PCR reactions were performed as follows: PCR mixtures contained 5 
ng of plasmid DNA template, IX PCR buffer, 200 mM of each dNTP, 0.5 mM of 
each primer, 5 units of Taq Polymerase and water to final volume of 100 ml. The 
PCR cycling conditions were: 95°C for 45", 65°C for 1'30" and 72°C for T for a 
total of 30 cycles, followed by a 4°C soak. The 391 bp PCR products were 
purified using "High Pure PCR Product Purification Kit" (Boehringer Mannheim). 
This set of fragments (SEQ ID NOS:l-4) allowed a single probe to be used to 
assess the effects of mismatch, secondary structure or a combination of both on the 
formation of the complex between the probe and target. 

ii) CFLP® Reactions 

CFLP® reactions were performed on each 5'-TET labeled amplification 
product from the four KaiG variants (2A-2D). Each CFLP® reaction contained 
approximately 20 fmole of the amplified product, 50 units of Cleavase® I nuclease 
in 10 \il of IX CFLP® buffer (10 mM MOPS pH 7.5, 0.05% Tween® 20 and 
0.05% Nonidet® P40 non-ionic detergents) with 0.2 mM MnCl 2 . Reactions were 
assembled with all components except the enzyme and the MnCl 2 , heated to 95°C 
for 15 seconds, then cooled to the reaction temperature of 50°C. The cleavage 
reactions were started with the addition of the enzyme and the MnCl 2 , and 
incubated for 5 minutes. The reactions were terminatedby the addition of 4 ml of 
95% formamide with 10 mM EDTA and 0.02% Methyl Violet. The products were 
heated at 95°C for 30 sec, and aliquots were resolved by electrophoresis through 
10% denaturing polyacrylamide gel (19:1 cross link) with 7 M urea in a buffer of 
45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was visualized using the 
FMB1O-100 Image Analyzer (Hitachi). The resulting image is shown in the left 
panel of Figure 3. Lanes A-D contain CFLP reaction products from reactions 
containing structures 2A-2D, respectively. Lanes C and D contain a product (37 
nt; indicated by the arrowhead) not present in lanes A and B which indicates the 
presence of the large stem-loop in structures 2C and 2D shown in Figure 2. 



- 112- 



WO 98/50403 PCIYUS98/031 94 

b) Structure Probing Analysis of M. tuberculosis katG Gene Targets 
In these experiments, the capture probes are bound to the target DNAs in 
solution and then immobilized on a solid support. The 391 bp fragment of katG 
described above was created by PCR using a 5' -fluorescein labelled primer (SEQ 
ID NO:7). A hybridization mixture was assembled, containing 40 fmoles of 
heat-denatured, 391 bp katG PCR product having one of the four sequences 
depicted in Figure 2 (SEQ ID NOS:l-4), labelled on the 5' end of the sense strand, 
1.5 pmole of the biotinylated capture probe (SEQ ID NO: 10), 0.01 mg/ml tRNA, 
0.2% acetylated BSA, 4.5X SSPE and H 2 0 to 150 jil. 

Aliquots (100 of the mixture were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 30 min. The plate was then washed three times with IX PBS, with 
0.01% Tween®-20 non-ionic detergent, then treated with a solution containing 0.2% 
I-Block (Tropix, Bedford, MA) and 0.05% Tween®-20 non-ionic detergent in PBS 
for 30 minutes to block. After blocking, the plate was washed three times with 
PBS with 0.1% Tween®-20 non-ionic detergents A 1:5000 dilution of 0.75 u/ml 
ahti-fluorescein antibody conjugated with v alkaline-phospbatase in 0,2% I-block 
buffer was added to the plate in 100 yl/well volumes. After 1/2 hour, the plate 
was washed three times with TBS (25 mM Tris-Cl, 0.15 M NaCl, pH 7.2). One 
hundred microliters of Attophos® fluorescent substrate (JBL) was added to each 
well and the plate was incubated at room temperature for 1 hour before 
fluorescence readings were taken using a Perkin-Elmer Cytofluor-4000 set to excite 
at 450/50 nm and to and detect emission at 580/50 nm. Each assay was 
performed in triplicate and the standard deviation is represented by the black bar at 
the top of each column in the right panel of Figure 3. The fluorescence intensity is 
indicated in arbitrary fluorescence units. In Figure 3, "A-D" indicates the use of 
structures 2A-2D, respectively in the structure probing assay. 

The results, shown in Figure 3, indicate that not only the mismatch between 
target DNA and probe, but also differences in secondary structure, leads to a better 
discrimination between wild type and mutant DNA. 
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EXAMPLE 2 

Changes In DNA Secondary Structure Leads To 
Different Binding Abilities Between The Target DNA And The Capture Probe 

The context of a target sequence {i.e., the length and identity of the flanking 
nucleic acid), can influence the secondary structure, and therefore the hybridization 
accessibility of the target segment. To illustrate this effect, a target segment of 
DNA was exposed, either with or without pretreatment with a restriction enzyme, 
to a capture probe that is complementary to a site that is unaffected by the 
restriction cleavage. The restriction enzyme BamU\ was used to digest the 391 bp 
S'-fluorescein labeled fragments of katG DNA, either wild-type (Figure 2C) o&the 
S315T mutant (Figure 2B), prepared as described in Example 1. The restriction 
enzyme shortens the 5' labelled fragment from 391 nt to 256 nt. The capture 
probe is complementary to sequence located within the first 50 nt of these katG 
DNA targets. Equal amounts of the DNA targets were used in all the reactions. 
The restriction digests included 2 pmoles of S'-Fluorescein labeled DNA, 10 fal of 
10X BamW buffer, 160 units of BamUl enzyme and H 2 0 to a final volume of 100 
Hl.> The reactions were incubated at 37?C for 2 hours. After digestion, the t 
hybridization assay was performed as described above, using the capture probe 
(SEQ ID NO: 10). The results are shown in Figure 4. In Figure 4, the amount of 
labeled target captured (as a target/probe complex) is shown for each target/probe 
complex examined (shown using arbitrary fluorescence units). In Figure 4, the 
following abbreviations are used: C (structure 2C); B (structure 2B); C/BamHI a 
(Ba/wHI-digested structure 2C); B/BamHl (Ba/wHI-digested structure 2B). 

The 2C DNA target (SEQ ID NO:3) has a site perfectly complementary to 
the capture probe, while the 2B DNA target (SEQ ID NO:2) has a single base 
mismatch near the middle of the region of complementarity with the capture probe. 
Despite this mismatch, discrimination between these two 391 nt DNAs (Le. f not 
digested with Bamffl) by hybridization to this probe is very weak. As shown in 
Figure 4, the difference in the binding efficiency between wild type and mutant 
DNA after enzyme digestion is increased. Because the segment of the katG DNA 
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to which the probe hybridizes is not cleaved by the enzyme, it can be concluded 
that it is the change in the folded structure of the target DN A that accounts for the 
change in the hybridization pattern. This shows that, while mismatches may 
enhance discrimination between nucleic acid variants, they are not necessary for 
5 discrimination between DNAs by hybridization. These results also demonstrate that 

variables other than the degree of complementarity (e.g., complete or partial) 
between the probe and target (e.g., the secondary and tertiary structure of the 
target) may provide a better means of discriminating between related sequences. 

10 EXAMPLE 3 

Hybridization Analysis Using Multiple Capture Probes For HCV Genotyping 

Because both mismatches and structures are used in the method of the 
present invention for discrimination between similar nucleic acids by hybridization, 

15 the patterns created by the use of a structure specific nuclease, e.g., Cleavase® I 

nuclease can be used as a way of selecting regions likely to demonstrate different 
binding behaviors with different variants;' 1 ^Because the CFLP® method indicates -the 
- - presence of structure in a DNA fragment of interest, and because the variations in 
the structures tend to be proximal to the actual sequence changes, choosing capture 

20 ' i probes at or near the CFLP® cleavage sites increases the probability of choosing a 
sequence that changes in accessibility in the different variants. Figure 5 shows a 
diagram depicting this means of probe selection as applied to the comparison of 
fragments from the Hepatitis C virus. In Figure 5, the left panel shows an 
fluoroimager scan of sequencing gel in which products of CFLP® cleavage 

25 reactions are resolved next to a sequencing ladder generated using the same target 

DNA employed in the CFLP® cleavage reactions. The middle panel provides an 
enlargement of sections of the gel shown in the left panel. The right panel 
provides the sequence of nine HCV probes (SEQ ID NOS:l 1-19); these probe were 
synthesized such that they contained a 5'-biotin moiety. 

30 Five subtypes of HCV; la, lb, 2b, 2c, and 3a were analyzed using both the 

CFLP® cleavage method, and cycle sequencing. The CFLP® reactions were 
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performed on each 5'-fluorescein labeled amplification product from each HCV 
isolate as follows. Each CFLP® reaction contained approximately 20 fmole of the 
amplified product, 25 units of Cleavase® I nuclease in 10 \i\ of IX CFLP® buffer 
(10 mM MOPS pH 7.5, 0.05% Tween® 20 and 0.05% Nonidet® P40 non-ionic 
detergents) with 0.2 mM MnCl 2 . Reactions were assembled with all components 
except the enzyme and the MnCl 2 , heated to 95°C for 15 seconds, then cooled to 
the reaction temperature of 55°C. The cleavage reactions were started with the 
addition of the enzyme and the MnCl 2 , and incubated for 2 minutes. The reactions 
were terminated by the addition of 4 ^1 of 95% formamide with 10 mM EDTA and 
0.02% Methyl Violet. The products were heated at 85°C for 2 min, and aliquots 
were resolved by electrophoresis through 10% denaturing polyacrylamide gel (19:1 
cross link) with 7 M urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM 
EDTA. The gel was visualized using the FMBIO-100 Image Analyzer (Hitachi). 

The CFLP® patterns for these HCV subtypes are shown in Figure 5. 
Different subtypes of HCV give different CFLP® patterns, which means that they 
also have different internal secondary structure.. Probes were designed,*) detect 
^structure differences between the la, lb, 2c and 3a HCV subtypes. The capture 
. probes.are shown in the, right, panel of Figure 5. The region to which each of these 
HCV capture probes can bind along the sequence of the HCV targets is shown in 
Figure 6. In Figure 6, the location of the probe binding regions are indicated using 
bold type, underlining and by placing the probe designation above the sequence. 
The consensus HCV sequence (SEQ ID NO:20), and the sequence of HCV 
subtypes la, lb, 2c and 3a (SEQ ID NOS:20-23, respectively) are provided. 

The capture probes (SEQ ID NOS:ll-19) were synthetically labeled with 
biotin at their 5' end and purified by gel-electrophoresis. The HCV target DNA 
was labeled with fluorescein at the 5' end of the antisense strand by PCR using a 
5'- fluorescein labeled primer. The primers employed for the amplification of HCV 
target DNAs were: 5' primer: 5'-Fl-CTCGCAAGCACCCTATCA (SEQ ID 
NO:24) and 3' primer: 5 ' -GCAGA AAGCGTCTAGCC ATGG (SEQ ID NO:25). 
The PCR reactions included 5 ng of plasmid DNA template, IX PCR buffer 
(Boehringer Mannheim), 200 mM of each dNTP, 0.5 mM of each primer (SEQ ID 



- 116- 



) » 

WO 98/50403 PCT/US98/03 1 94 

NOS:24 and 25), 5 units Taq DNA polymerase (Boehringer Mannheim) and water 
to a final volume of 100 The PCR cycling conditions were: 95°C for 45", 
55°C for 45", and 72°C for 1\ for 30 cycles followed by a 72°C for 5' extension 
and a 4°C soak. The resulting 244 bp PCR products (SEQ ID NOS:26-29 for 
types la, lb, 2c and 3a, respectively) were purified using "High Pure PCR Product 
Purification Kit" (Boehringer Mannheim) and eluted in dH 2 0 according to the 
manufacturer's instructions. The same amount of DNA, based on optical 
absorbance, was used for each sample in the capture assay. Structure probing 
analysis on streptavidin-coated 96-well micro-titer plates was performed as 
described above. Each assay was performed in triplicate and the standard deviation 
is shown as a black bar at the top of each column in Figure 7. The results are 
shown in Figure 7. 

The column graphs of the measured fluorescence intensity for the complexes 
between each probe and a given target constitute a characteristic "signature" that is 
distinctive for each HCV subtype. The effects of structure can be illustrated by 
examining the signal strengths from targets binding to probe #40 (SEQ ID NO:16). 
While both the lb and 3a targets are completely complementary to probe #40, the 
:3aiarget shows nearly undetectable, signal, while the type lb target signal is very 
strong. The binding of probe #251 (SEQ ID NO:12) to the HCV targets shows 
similar signal variation even though this probe is completely complementary to all 
four of the HCV subtype targets. 

EXAMPLE 4 

Effect Of Temperature On Structure Probing With Oligonucleotides 

Most traditional hybridization methods have a small window of temperature 
(i.e., about less than 10°C) in which to produce the expected discrimination 
between targets. The structure probing analysis of the four HCV subtypes 
(describe above) under different hybridization temperatures was performed to 
examine the effect of temperature on both the secondary structure of DNA and the 
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stability of the probe/target complex. Three different temperatures were used; 
room temperature (approx. 20 to 25°C), 37°C and 50°C. 

The profile of the HCV subtypes la, lb and 3a are shown in Figure 7. The 
profiles of the HCV subtype lb are shown in Figure 8B. The profiles of the HCV 
subtype 3a are shown in Figure 8C. The hybridization profiles of these three HCV 
subtypes over a 25°C range of temperature (~25-50°C) are shown in Figures 8A-8C 
(the numbers below each column indicates the capture probe employed; note the 
change in scale for each temperature tested). The profiles for these three HCV 
subtypes are essentially the same over the 25°C range of temperature tested. 
However, the higher the temperature employed, the less stable the probe-DNA 
target binding becomes, so the overall fluorescence intensity was reduced. These 
results show that the discrimination capability of the structure probing method is 
very robust, maintaining consistency over a broad range of temperature. 

EXAMPLE 5 

Structure Probing Analysis Of HCV Clinical Isolates 

Structure probing analysis of HCV clinical isolates at a room temperature 
hybridization temperature was performed to examine the feasibility of developing a 
diagnostic test for HCV genotyping. Twelve HCV amplification products 
generated from clinical samples were obtained (Molecular Pathology Dept, Univ. of 
Wisconsin Clinics, Madison, WI) and employed in the structure probe assay. These 
targets were RT-PCR products of viral RNA from different patient samples 
amplified using the Amplicor HCV detection kit (Roche Molecular Systems, 
Alameda, CA). Further PCR reactions were performed on these clinical 
amplification products using the primer pair described in Example 4 (SEQ ID 
NOS:24 and 25) to create ds PCR products comprising 5' fluorescein labels on the 
anti-sense strands. The PCR conditions were as described in Example 4. The 
resulting HCV targets were employed in the structure probing assay which was 
carried out as described in Example 1 . 
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The resulting profiles were sorted by type (based on the profiles determined 
for the HCV subtypes as described in Examples 3 and 4 and Figure 7) and are 
shown in Figures 9A-9D (the types were independently determined by single pass 
DNA sequencing. The resulting partial sequences, sufficient to identify types are 
as follows: #67 (SEQ ID NO:30), #69 (SEQ ID NO:31), #72 (SEQ ID NO:32), 
#73 (SEQ ID NO:33), #74 (SEQ ID NO:34), #81 (SEQ ID NO:35), #85 (SEQ ID 
NO:36), #86 (SEQ ID NO:37) and #91 (SEQ ID NO:38). 

The profiles for four different amplicons of HCV type la are shown in 
Figure 9 A (#69, #72, #73 and #85) and all have a profile similar to the type la 
profile shown in Figure 7. The profiles of three different amplicons of HCV type 
3a are shown in Figure 9B (#81, #91 and #95) and their profiles are all similar to 
each other and to the type 3a profile shown in Figure 7. The profile of an 
amplicon of HCV type 2c (#67) and an amplicon of HCV type 2b (#74) are shown 
in Figure 9D. The profiles for two amplicons of HCV lb are shown in Figure 9C 
(#66 and #86). 

■ ^ . The profile for amplicon #86 was more similar to that of type la rather 

■ than type lb. Based on CFLP® analysis, amplicon #86 was classified as type lb. 
u;.. However, using the probe set shownjn Figure 9C, the hybridizatipn.profile 

obtained in the structure probing assay appeared more similar to that of type la. 
Sequence analysis showed that there is an extra mutation in this sample, which 
changed its hybridization response to probe #40, creating a profile more like that of 
type la. Based. on this T to C mutation in amplicon #86, an additional capture 
probe having a sequence completely complimentary to amplicon #86 was tested 
(probe #53; SEQ ID NO: 19). A structure probing assay using the amplicon #86 
target and capture probe #53 generated a profile similar to a more typical type lb 
profile. These results demonstrate that additional information concerning the 
structure of the amplicon #86 target was obtained using the structure probing assay. 

These data demonstrate that an unknown (i.e., uncharacterized) set of HCV 
isolates can be identified by HCV type through the use of the structure probing 
assay, with comparison of the resulting profiles to those of previously characterized 
isolates {i.e., reference profiles). 
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It is clear from the above that the present invention provides methods for 
the analysis of the characteristic conformations of nucleic acids without the need 
for either electrophoretic separation of conformations or fragments or for elaborate 
and expensive methods of visualizing gels (e.g., darkroom supplies, blotting 
equipment or fluorescence imagers). The novel methods of the present invention 
allow the rapid identification of variants (e.g., mutations) within human genes as 
well as the detection and identification of pathogens in clinical samples. 

Thus, the previous Examples that oligonucleotide binding is affected by the 
formation of an occlusive structure in the target DNA. In each of these cases, the 
oligonucleotides used to bind and capture the target nucleic acid were designed to 
be substantially complementary to a single region of the target. The following two 
Examples demonstrate the use of oligonucleotides that are designed to interact with 
multiple, non-contiguous regions of the target DNA. In some embodiments of the 
methods of the present invention, the oligonucleotides (i.e., bridging 
oligonucleotides) are designed to interact with regions that are brought into close 
proximity by the formation of folded structure in the target strand. By using short 
sections of complementarity on either side of the connecting segment, it is intended 
that the bridge oligonucleotides be dependent on the binding of both of the sections 
of complementarity, and that changes in, or the absence of, the intervening folded 
structure cause a significant change in the affinity between the bridge 
oligonucleotide and the target DNA. 
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EXAMPLE 6 

Size of Complementary Regions Affects the Ability of Bridging Oligonucleotides to 
Discriminate Between Targets That Contain Identical Regions of Complementarity, 

But Different Folded Structures 



In this Example, the effect of length of complementarity on each side of the 
bridge oligonucleotides on the ability of the bridge oligonucleotide to distinguish 
between test molecule #80, 81 and 82 (SEQ ID NOS:39-41) was examined. As 
noted above, these oligonucleotides have identical regions of complementarity to 
which the bridge oligonucleotides of this Example may hybridize. The bridge 
oligonucleotides used in this test are shown in the lower half of Figure 11 A, 
arranged in the orientation in which they would hybridize to test molecule #80 
(SEQ ID NO:39). Three bridging oligonucleotides, shown as #78, #4 and #79 
(SEQ ID NOS:42, 43, 44), were used, and these had 6, 7 or 8 nucleotides of 
complementarity, respectively, to each side of the hairpin formed in target #80 
(SEQ ID NO:39). The two regions of target complementarity were separated by a 
pair of thymidine nucleotides in each oligonucleotides to provide additional 
flexibility, to, the three-leg junction (Zhong et al t Biochem., 32:6898 [1993]; and 
Yang et al, Biochem., 35:7959 [1996]). All the biotinylated oligonucleotides 
were gel-purified after synthesis using the standard oligonucleotide purification 
methods. 

In these hybridization . analyses, the capture probes were bound to the target 
DNAs in solution and then immobilized on a solid support, as described in the 
previous Examples. For each of these tests (each of the three bridge 
oligonucleotides listed above was tested on each of the three test molecules), a 150 
|il hybridization mixture was assembled containing 20 fmols of a fluorescein- 
labeled test molecule as depicted in Figure 10 (SEQ ID NOS:39-41), 1.5 pmole of 
one of the biotinylated capture probe 78, 4 or 79 (SEQ ID NOS:42-44), 10 mg/ml 
tRNA and 0.2% acetylated BSA, in 150 ml of 4.5X SSPE. The mixture was 
incubated at room temperature for 30 min. 
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Aliquots (100 ul) of the mixtures were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 20 min. The plate was then washed three times with TBS (25 mM 
Tris-Cl, 0.15 M NaCl, pH 7.2) with 0.01% Tween®-20 non-ionic detergent. Then, 
100 ^1 of a 1:5000 dilution of 0.75 u/ml anti-fluorescein antibody conjugated with 
alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added to 
each well. After 20 min at room temperature, the plate was washed three times 
with TBS with 0.01% Tween®-20. Then, 100 ^il of Attophos fluorescent substrate 
(JBL, San Louis Obisbo, CA) were added to each well and the plate was incubated 
at 37°C for 1 hour, before fluorescence readings were taken using a Perkin-Elmer 
Cytofluor-4000 set to excite at 450/50 nm and to and detect emission at 580/50 
nm. Each assay was performed in duplicate and the standard deviation is 
represented by the black bar at the top of each column in the right panel of Figure 
12. In this Figure, the fluorescence intensity is indicated in arbitrary fluorescence 
units. 

The results, shownin Figure. 12,. indicate that the bridging oligonucleotide 
#79 (SEQ ID NO:44), having 8 bases pairing to each side of the hairpin in the 
DNA target; gives better binding activity to the target DNA than oligonucleotides 
that have 7 bases pairing (#4; SEQ ID NO:43), which is better than 
oligonucleotides that have only 6 bases pairing (#78; SEQ ID NO:42); - 
Furthermore, the oligonucleotides with the shorter flanking sequences did not show 
any significant difference in binding to the different test molecules, indicating that 
the presence or absence of structure was immaterial to their binding under these 
test conditions. In contrast, the oligonucleotide with the 8 bp flanks had a 6 to 7 - 
fold higher affinity for the folded molecules #80 (SEQ ID NO:39) and #81 (SEQ 
ID NO:40), when compared to the unstructured #82 (SEQ ID NO:41) molecule. 
This demonstrated that bridge oligonucleotides are suitable for the assessment of 
differences in folded structure of a target molecule, in contrast to previous reports 
(Francois et al y Nucl. Acid. Res. 22: 3943 [1994]). 
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While the 8-bp flanks are clearly the preferred size in this experimental 
system, the absolute number of basepairs required for any particular bridge 
oligonucleotide system may vary other factors affecting the stability of the 
interaction, as discussed above, such as with the G-C content of the hybridization 
site, the temperature and solution conditions under which the reaction is performed, 
and the nature of the structure to be bridged. Thus, it is contemplated that in some 
systems, bridge oligonucleotides comprise any appropriate length suitable for the 
assay system. 

EXAMPLE 7 
Bridging Oligonucleotides 

In this Example, two schemes were investigated in order to determine how 
the bridging oligonucleotide might bind to the targeted hairpin structure, as 
illustrated in Figure 11B. Although an understanding of the mechanism is not 
necessary in order to make and use the present invention, nor is it intended that the 
present invention be limited to any particular mechanism, one possibility is that one 
bridging oligonucleotide molecule binds to one DNA target molecule, as 
^ diagrammed in the top half of the Figure. A second possibility is that two or more 
; v, of the bridging oligonucleotide molecules bind to one DNA target molecule, with 
the apparent increase in signal resulting from the presence of two biotin moieties 
on the complex, facilitating binding or detection, rather than successfully spanning 
of a structure by a single bridge oligonucleotide. 

To differentiate these two possibilities, two additional oligonucleotides were 
synthesized (oligonucleotide #114 and #115 [SEQ ID NOS:45 and 46, 
respectively]), as shown in Figure 11B. Oligonucleotide #114 (SEQ ID NO:45) is 
almost identical to #79 (SEQ ID NO:44), except that two mutations have been 
introduced in such way that it cannot hybridize to the right side of the hairpin on 
the target DNA. Similarly, oligonucleotide #115 (SEQ ID NO:46) is a version of 
#79 (SEQ ID NO:44) having two base mutations so that it can't hybridize to the 
left side if the hairpin on the target DNA. If the ability of oligonucleotide #79 
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(SEQ ID NO:44) to bind to the folded molecules is truly dependent on a single 
oligonucleotide bridging the structure then neither of the 'pseudo' bridge 
oligonucleotides, #114 or #115 (SEQ ID NOS:45 and 46, respectively), should be 
able to perform in this way. However, if the increased binding is in fact due to the 
presence of two copies of # 79 (SEQ ID NO:44), which would be arranged as 
depicted for #114 and #115 (SEQ ID NOS:45 and 46, respectively) in the bottom 
half of Figure 11B, then #114 and #115 (SEQ ID NOS:45 and 46, respectively) 
used together should give the same result. 

In addition to the test of the bridging function, the necessity of the spacing 
thymidines in the center of each bridge oligonucleotide was assessed. An 
oligonucleotide having the same complementary flanking sequences as 
oligonucleotide #79, but lacking the two T's in the middle, was created. This 
oligonucleotide (#116 [SEQ ID NO:47]), is depicted in the bottom half of Figure 
1 1 A. In addition, to test the necessity of having a physical linkage between the 
binding halves of #79 (SEQ ID NO:44), to half molecules were created, each 
having complementarity to one of side of the test molecules, #117 (SEQ ID - 
NO:48) to the right side and #118 (SEQ ID NO:49) to left side, as depicted in 
Figure 11 A, and each having one of the two spacer T residues.- Finally, two 10- 
mer oligonucleotides were created, each with sufficient contiguous complementarity 
to bind without any bridging activity. One of these was complementary to the left 
flank (#FD91; SEQ ID NO:50), which is unstructured in all cases, while the other 
was complementary to the sequence involved in the structures of the folded test 
molecules (#2; SEQ ID NO:51). These are depicted in the top half of Figure: 1 1A. 

The hybridization analyses were performed as described in Example 6, 
except that 15 fmoles of the fluorescein labeled test molecules were used, and the 
amount of bridge oligonucleotide was held to a total of 1.5 pmole when #1 14 and 
#115 (SEQ ID NOS:45 and 46, respectively) were used in combination. The 
results are shown in Figures 13 A and 13B. 

Taking the results in reverse order: the 10-mer control oligonucleotides 
showed the expected profiles in binding i.e., the oligonucleotide complementary to 
the unstructured region, #FD91 (SEQ ID NO:50), bound with nearly equal affinity 
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to each of the test molecules, while the oligonucleotide complementary to the 
portion that forms structure in molecules #80 and #81 (SEQ ID NOS:39 and 40, 
respectively) bound well only to unstructured test molecule #82 (SEQ ID NO:41). 
This further illustrates that structure alone is an important determinant in the 
binding of the capture probes in embodiments of the methods of the present 
invention. 

When the oligonucleotide without any spacer residues, #116 (SEQ ID 
NO:47), was tested for its ability to bind the test molecules, it was found that this 
oligonucleotide could not distinguish between the folded and unfolded molecules 
(See, Figure 13 A). This demonstrated that hybridization across structures is greatly 
enhanced by the presence of some spacing material between the segments of 
complementarity. 

Finally, the results of testing the pseudo bridge oligonucleotides, separately 
andjn combination, are shown in Figure 13B. It can be seen by these data, that 
oligonucleotides #114 and #115 (SEQ ID NOS:45 and 46, respectively) are not 
capable, either alone or in combination, to duplicate the binding x profile of the true 
bridge, #79 (SEQ ID NO:44). The enhanced binding to the unstructured test 
molecule #82 (SEQ ID NO:41) is possibly attributable to the accessibility of this 
molecule for binding both oligonucleotides. Note that the fluorescence signal seen 
with the combination of #s 114, 115 and molecule #82 (SEQ ID NOS: 45, 46, and 
41, respectively), about 650 fluorescence units, is nearly identical to the signal seen 
when #79 (SEQ ID NO:44) is.combined with #82 (SEQ ID NO:41). This supports 
the idea that two copies of #79 (SEQ ID NO:44) may be involved in creating the 
signal with # 82 (SEQ ID NO:41). 

It is clear from the above that the present invention provides methods for 
the analysis of the characteristic conformations of nucleic acids without the need 
for either electrophoretic separation of conformations or fragments or for elaborate 
and expensive methods of visualizing gels (e.g., darkroom supplies, blotting 
equipment or fluorescence imagers). The novel methods of the present invention 



- 125 - 



WO 98/50403 PCT/US98/03 1 94 

allow the rapid identification of variants (e.g., mutations) within human genes as 
well as the detection and identification of pathogens in clinical samples. 

The previous examples demonstrated the use of bridging oligonucleotides to 
capture specific target molecules through hybridization to non-contiguous 
complementary sequences. However, the use of bridging oligonucleotides is not 
limited to hybrid capture. Bridging oligonucleotides hybridizing to folded target 
molecules can be used in place of standard oligonucleotides in almost any 
application, including applications in which enzymes modify probes that have 
found their target complement. Such enzymatic modifications include, but are not 
limited to primer extension, ligation and structure-specific nuclease cleavage. It 
will easily be appreciated by those skilled in the art that performance of bridging 
oligonucleotides in these basic enzymatic reactions is indicative of their utility in 
assays that are based on reiterative performance of these reactions, including but 
not limited to cycle sequencing, polymerase chain reaction, ligase chain reaction, 
cycling probe reaction and the Invader™ invasive cleavage reaction. The examples 
below demonstrate the use of bridging oligonucleotides in each of the basic 
enzymatic reaction systems. 

EXAMPLE 8 

Analysis of Folded Structures of a Hepatitis C Virus-Derived Amplicon 
and Design of Bridging Oligonucleotides 

The process of identifying candidate structures for bridging with probes 
involves i) pinpointing all modification or cleavage sites; ii) predicting a set of 
most probable structures, and selecting those that fit with the specificity of the 
modification means; and iii) designing and testing probes to span the most probably 
structures. If desired, the information deduced at step ii) can be confirmed by 
deletion analysis such as PCR walking, or any equivalent method that allows the 
selective repression or removal of one half of a suspected basepair from interaction. 
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This stepwise approach is illustrated here for a 244 nt amplicon derived 
from HCV type la. The identification of the cleavage sites in all four types of 
HCV amplicon is described in Example 3. Figure 15 shows sequence of 5' UTR 
region of HCV genotypes la, lb, 2a/c and 3a with marked cleavage sites. Note 
that the designations 2a and 2a/c are used interchangeably throughout, and refer to 
the same HCV viral type, the amplicon of which is SEQ ID NO:22. 

The type la sequence as then subjected to folding predictions using the 
mfold version 2.3 program, which is available either through Genetics Computer 
Group (Madison, WI) or through public access to the authors' web site 
(http://www.ibcwustl.edu/-zuker). Folding was done with using either DNA or 
RNA parameters with a selected folding temperature of 37°C. The output was set 
to include the optimal structure (lowest free energy) and any structure with a 20 
percent or lower increase in calculated free energy (termed a "suboptimality of 
20% H ). All other program parameters used the default values. Folding with the 
RNA parameters generated 32 possible structures, while the DNA parameters gave 
,18 structures. u Two of the structures predicted with the RNA parameters showed 
the best agreement with, the cleavage data from the CFLP® analysis; These 
structures, the first and the thirtieth;.out of 32, are depicted in Figures 16A and 

16B. '■■< ; 

7 Structures predicted by the above analysis can be confirmed through the use 
of CFLP® analysis on fragments that delete the putative downstream pairing partner 
(Brow et ai, supra). This approach, termed PCR walking, is illustrated here by the 
confirmation of the pairing partner responsible for the CFLP® cleavage at position 
161 in the HCV type la 244 nt amplicon. The mfold program predicted a structure 
that paired a G at 161 with a C at position 205 (Figure 17A, left conformer). To 
confirm this two deletion amplicons were made. Each amplicon was 205 nt long. 
One included the C205 at the 3' end, while the other substituted a T at 205 to 
disrupt the basepair. PCR was conducted as described in Example 3, except the 
downstream primers 67 and 68 were substituted for (SEQ ID NO:25) used to 
amplify the full length amplicons. The resulting DNAs were purified and subjected 
to CFLP® analysis, resolved and visualized as described in Example 3. The 
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resulting image is shown in Figure 17B. The identity of residue 205 in the deletion 
fragments is indicated above each lane, and the sizes of selected cleavage bands, as 
determined by comparison to a sequencing ladder in Example 3, are indicated on 
the right. 

5 Focusing on the band that was the subject of this analysis, at 161 nt, it can 

be seen that the amplicon having the natural 205C maintained the 161 cleavage, 
while disruption of this base pair in the 205T fragment caused a loss of that band, 
thus supporting the existence of the 161/205 interaction. It should be noted that it 
is possible that the 205 nt base does not interact directly with the 161 G, and that 

10 the C to T change caused a conformational change elsewhere, which altered the 

161 -containing structure as a secondary effect. While this is less likely, the - 
possibility should always be kept in mind when analyzing the data, especially if 
unexpected results arise. Not surprisingly, the deletions and mutations also give 
rise to pattern changes elsewhere in the pattern, indicating how little change is 

15 required to be detectable by CFLP®. 

Based on the combined CFLP®, mfold, and PCR walking data, three of the 
most likely conformations for this region were chosen and three bridge 
oligonucleotides were designed to span the structures; These are shown • 
schematically in Figure 17C The "b" (SEQ ID NO:53) and V (SEQ ID NO:65) 

20 variants address essentially the same conformation with a difference related to the 

small central stem. Though predicted by mfold, the presence of this structure is not 
predicted by the CFLP® pattern for the 244-mer (Figure 17A, right lane). 
Consequently, bridge probes were designed that either spanned that structure (V 1 ; 
SEQ ID NO:65) or that complemented the 8 contiguous bases upstream of the 

25 larger stem ("b"; SEQ ID NO:53). The V (SEQ ID NO:64) bridge probe was 

designed to cross the base of the single stem of the other conformer. Each of the 
these probes was tested for binding to the HCV la amplicon as described in 
Example 6. While the "m" (SEQ ID NO:64) and V (SEQ ID NO:65) probes 
failed to capture significant amounts of target, the "b" (SEQ ID NO:53) probe was 

30 found to be effective, as will be illustrated in the following examples. 
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Using the "b" oligonucleotide (SEQ ID NO:53) as a model, a number of 
variant bridges were designed to compare the effects of different intervening 
sequences in the probes and on the inclusion of mismatches in either contact 
sequence. These bridge probes are diagrammed schematically as they would align 

5 with the HCV la predicted structure are shown in Figure 18 A. The connecting line 

in the center of the H k M probe (SEQ ID NO:56) indicates that the two portions are 
linked directly together without any intervening sequence. Modifications to the 
intervening region included the use of alternative nucleotides in to link the contact 
sequences and the omission of additional intervening nucleotides. A mismatch was 

10 included in the middle of either of the two contact sequences to assess whether the 

binding of both is necessary for capture. 

The 244 bp target DNAs were created by PCR and isolated as described in 
Example 3 (SEQ ID NOS:26-29 for types la, lb, 2c and 3a, respectively). The 
capture probes were synthetically labeled with fluorescein at their 5 5 end and 

15 purified by gel-electrophoresis. The target DNA was labeled with biotin at the 5' 

end of the antisense strand. Each 7 of the these probes was tested for binding to the 
; of the HCV amplicons (as shown schematically in Figures 18A-18D), as described 
i in Example 6> Each aisay , was performed . in duplicate and the 1 standard deviation 
is represented by the black bar at the top of each column in Figure 19. The 

20 fluorescence intensity is indicated W arbitrary fluorescence units, shown on the left 

side of each chart panel. The probe included in each capture reaction are indicated 
below each graph column. A control probe not shown in the schematic diagram 
(49-3; 5' Fl - GCGAAAGGCCTTGTGG; SEQ ID NG:66) that hybridizes to all 
HCV variants was used with each target to verify the presence and amount of DNA 

25 in each reaction. The rightmost column in each panel shows the signal from the 

control reaction. 

These data show that functional bridge oligonucleotides may be designed 
with different intervening sequences, or without any intervening sequence at all 
("k"; SEQ ID NO:56), although those having extra nucleotides showed greater 
30 signal in most tests. The low signal seen when a mismatch is included on either 

side verifies that both contact sequences participate in the binding. It is interesting 
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to note that the signal from oligonucleotide "i" (SEQ ID NO: 54) is greater than M b" 
(SEQ ID NO:53) in the type 2a/c test. Examination of this junction in Figure 18C 
shows that this type has a C to T change relative to the type la, a T that may 
interact with one of the A residues in the intervening sequence of the "i" probe 
5 (SEQ ID NO:54), thereby strengthening the interaction. It can be seen here and in 

later Examples, that this bridging design does not interact well with the type 3a 
amplicon, suggesting that this may not be a favored conformation for this particular 
variant. Nonetheless, these data demonstrate the flexibility available to the user in 
designing suitable bridging probes. 

10 

EXAMPLE 9 

Primer Extension of Bridging Oligonucleotides 



15 The folding of the 244 bp DNA copy of a segment of the hepatitis C viral 

„. genome is described above. The bridging oligonucleotides designed to hybridize 

across the deduced structures were used in a primer extension reaction to show that 
a- the presence of folded structures within the target would not prevent extension of 
the probe by a template-dependent DNA polymerase. The 244 bp target DNAs 

20 : .were created by PCR and isolated as described in Example 8. The bridging 

primers (a, b, c, d, and e, SEQ ID NOS:52, 53, 57, 58, and 59, respectively) are 
shown in Figure 20A as they would be expected to hybridize to a folded structure 
of the HCV type la amplicon. The oligonucleotide indicated as "a" (SEQ ID : 
NO:52), while it may have some complementarity that suggest it may serve as a 

25 bridge in some conditions, was designed as a non-bridging primer, intended to 

fully-hybridize to a non-folded target. This is shown schematically in Figure 20B. 

Each primer extension reaction contained either 50 fmole of the 244 bp 
target DNA or 10 ng of human genomic DNA (Novagen #69237-1, Madison, WI) , 
30 1 pmole of the fluorescein-labeled bridge oligonucleotide, 5 units of Klen7a<? 

polymerase (Ab Peptides), and 0.1 mM of each dNTP in 10 nl of IX PCR Buffer 
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containing Mg^ (Boehringer Mannheim). The assembled reaction mixtures with all 
the components were heated to 95°C for 2 minutes, then cooled to the 40°C for 1 
hour. The reactions were terminated by the addition of 5 \i\ of 95% formamide 
with 10 mM EDTA and 0.02% Methyl Violet. The samples were then heated at 
5 90°C for 1 minute, and aliquots were resolved by electrophoresis through 10% 

denaturing polyacrylamide (19:1 cross link) with 7 M urea in a buffer of 45 mM 
Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was visualized using an M.D. 
Scanner (Molecular Dynamics, Sunnyvale, CA). The resulting image is shown in 
the panel of Figure 21. 

10 The target DNAs and the bridging primer/probe used in each reaction are 

indicated. The product of primer extension is indicated by an arrow on the left of 
the panel as a 170 bp band. It can be seen from these data that the "b" bridging 
oligonucleotide (SEQ ID NO:53) is able to prime synthesis on the folded HCV 
target of from all viral types, generating essentially the same level of signal as the 

15 non-bridging "a" primer (SEQ ID NO:52). Examination of the first (left most) 

lane, in which human genomic DNA was used in place of the HCV target shows 
little or no non specific priming, demonstrating the specificity of ^erprimers for 
the. HCV folded sequence. . When single base mismatches are introduced on either 
side of the bridge (as in V and M d" primers; SEQ ID NOS:57 and 58, respectively) 

20 the signal is dramatically reduced. When only the 3' portion of the bridging:;,. 

primer is provided ("e"; SEQ ID NO:59) the extension is also nearly non-existent. 
These data demonstrate: a) that both complementary portions of these bridging 
oligonucleotides are required for the primers extension, demonstrating that the 
oligonucleotide is truly bridging; and b) that bridging oligonucleotides with no 

25 more than eight contiguous nucleotides of complementarity in single region can be 

used to specifically recognize an HCV viral sequence by use of its folded structure. 

Above, the performance of a non-bridging oligonucleotide (i.e., an 
oligonucleotide that hybridizes to a region of contiguous, complementary bases in 
the target strand), was compared to the performance of the bridging 

30 oligonucleotides to assess the effect of the folded target structure on the enzyme 

activity. However, at elevated temperatures the folded structures may denature, 
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reducing the binding efficiency of the bridging oligonucleotide relative to the non- 
bridging oligonucleotide. To demonstrate this effect, primer extension experiments 
were performed at a range of temperatures selected to decrease the presence of 
such structures as diagrammed in Figure 22. 

For this test, only the bridging, the non bridging and the half primer ("a", 
"b" and "e"; SEQ ID NOS:52, 53, and 59) were tested. Each primer extension 
reaction contained 50 fmole of the 244 bp target DNA, 1 pmole of the fluorescein- 
labeled bridge oligonucleotide, 5 units of KlenTaq polymerase (Ab Peptides) and 
0.1 mM of each dNTP in 10 ml of IX PGR Buffer containing Mg++ (Boehringer 
Mannheim). Reaction mixtures with all the components were heated to 95°C for 2 
minutes, then cooled to the various extension temperatures for 1 hour. Reactions 
were performed at 40°C, 45°C, 50°C, 55°C and 60°C. The reactions were 
terminated by the addition of 5 ml of 95% formamide with 10 mM EDTA and 
0.02% Methyl Violet. The products were heated at 90°C for 1 minute, and aliquots 
were resolved by electrophoresis through 10% denaturing polyacrylamide gel (19:1 
cross link)- with 7 M urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM- 
EDTA. The gel was visualized using the M.D. Scanner (Molecular Dynamics, 
Sunnyvale, CA).. The resulting image is shown in the panel of Figure 23. The 
temperatures (°C) and the primers used for each reaction are indicated above each 
lane.,; ' '•"= •'- no*;- '.. :.■ ■ . ■!. sl'-v: - ; ■ .. .v ■ :^ 

The extended products are indicated by an arrow on the left side of the 
panel as a 170 .bp band. It can be seen from these data that the non-bridging 
oligonucleotide ("a"; SEQ ID NO:52) can prime synthesis at each of the test - 
temperatures. The bridging oligonucleotide ("b"; SEQ ID NO:53), however, loses 
its ability to prime synthesis as the temperature of the reaction rises. This further 
demonstrates that the bridging oligonucleotides require the presence of the fold 
within the target strand. This also shows that the use of target folded structure to 
either support bridging oligonucleotide binding, or to allow structure-based 
discrimination of sequences as described in previous examples, is preferably done 
at lower temperature that those used for non-bridging applications. The precise 
temperature required to maintain a given structure will vary widely depending on 
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the size and stability of a given structure, but a simple temperature titration such as 
is shown here will serve to identify optimal reaction conditions. 

It will be appreciated by those skilled in the art that the target dependent 
extension of a bridging oligonucleotide can be adapted to the polymerase chain 
reaction method of target sequence amplification, using standard methods with 
minimal adaptation. In a PCR, either or both of the primers may be selected to 
perform the initial target recognition through the specific recognition of non- 
contiguous sequences. A schematic representation of a reaction in which both 
primers are thus configured in shown in Figure 34. This is a simplified version of 
a PCR diagram that does not show all products at each step; the products shown 
are selected to demonstrate the manner in which a pair of bridging oligonucleotides 
may be designed. This example as described is intended as an illustrative example 
and not as a limitation on the mechanisms of application of the present invention. 
As shown in 34a, the first strand would be copied from a folded target strand as 
described above. The bridging oligonucleotide would anneal to the target at low 
.temperature (relative to the temperature at which strand extension takes place). As 
the temperature of the reaction increases toward a chosen Extension temperature 
(Figure 34b), the folded structures would be disrupted, btit the now partially 
extended primer would not disassociate due to its increased length. This would 
-allow the polymerase to fully extend the primer, creating a double strand (Figure 
34c). In the next PCR cycle, after the strands have been denatured by heating, and 
the reaction has again cooled to an appropriate annealing temperature, the newly 
synthesized strand would likewise assume distinct folded structures, which can 
serve as binding sites for a second bridging primer (Figure 34d). When the second 
primer is fully extended it would fill in the original bridging oligonucleotide with 
perfectly complementary sequence. In subsequent cycles of the PCR, the former 
bridge oligonucleotides would now operate as standard, fully complementary 
oligonucleotides, amplifying the target region between the 3 5 ends of the original 
binding sites. The resulting flanking sequences added by the bridge 
oligonucleotides would be unique to the bridge sequences. 
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The selection of conditions for using bridging primers in PCR is not 
dissimilar in reactions designed to use mismatched or degenerate oligonucleotides 
(Compton, in PCR Protocols, Innis et al (Eds.), [1990], at p. 39). In the first few 
cycles of PCR it would be desirable to use an annealing temperature that would be 
permissive of the bridge contact formation. This reaction temperature could be 
determined empirically for any bridge oligonucleotide by a number of methods 
known in the art, including direct measurement (e.g., in a temperature controlled 
spectrophotometer), or by the use of the methods presented here, such as by plate 
capture, described in numerous examples above, or by temperature titration, as 
described in this Example. The principles of oligonucleotide design for maximum 
specificity are also similar to standard practices known in the art. For example, for 
maximum specificity of PCR oligonucleotides, it is a common practice to skew the 
stability such that the 5* end of the oligonucleotides has a higher local stability and 
the 3' end has a lower local stability. Conditions (e.g., sufficiently high annealing 
temperature), are then selected so that the 3' terminal sequence is unlikely to 
successfully bind unless the 5' end also binds. This prevents mis-priming caused 
by unintended hybridization of the 3* terminal residues at non-target sites. 

; i; The bridge oligonucleotides can be designed with a similar skew. In : 
addition, it is contemplated that the bridge oligonucleotides be selected such that 
the 3' end is less stable (e.g., through the use of ATI base pairs or a short contact 
sequence) so that it is unlikely to find its target site without the successful binding 
of the other contact sequences, thereby increasing the discriminating power of the 
bride oligonucleotides in a PCR assay. 

EXAMPLE 10 

Hybridization Analysis of the Bridge Oligonucleotide 
in Combination with a Flanking Oligonucleotide 

Several reactions using involving standard probes require hybridization of 
two or more oligonucleotides in close proximity. For example, a ligation reactions 
to join oligonucleotide probes requires that at least two probes hybridize adjacently 
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(i.e., without a gap), on a target or template strand. The Invader™ reaction 
requires oligonucleotides to hybridize either adjacently, or with one or more 
nucleotides of overlap. In both of these scenarios, the binding of adjacent sites on 
a complementary strand means that resulting individual duplex regions are 
cooperatively stabilized by the coaxial stacking of the helices. In other words, each 
duplex will be more stable, i.e., will have a higher apparent melting temperature, in 
the presence of the other than it would in isolation. In the hybridization-based 
discrimination of genotypes based on the stability of folded target structure, the 
increased stability of binding of the bridge probe may reduce the ability to 
discriminate, absent compensating changes in the design of the probe. 

To examine the effect of a neighboring oligonucleotide, hybridization 
capture tests were used on the bridging oligonucleotides and neighbor 
oligonucleotides designed for the ligation assay. The oligonucleotides were tested 
either alone, or in the pairs as they would be used in the enzymatic assays. For 
these tests the capture probes (SEQ ID NOS:52, 53, 60, and 66) were synthetically 
labeled with fluorescein at their 5 ? end and purified by gel electrophoresis.^ These 
probes are among those shown schematically in Figure 24, identified by lower case 
letters The HCV target DNA was amplified: by PGR as described in Example 3, 
but the 5' end of the antisense strand was labeled with biotin, instead of ^ 
fluoresceinJThe primers employed for the amplification of HCV target DNAs 
were: 5' primer: 5*-B-CTCGCAAGCACCCTATCA (SEQ ID NO:24)-and 3' 
primer: 5 ' -GC AG AAAGCGTCT AGCC ATGG (SEQ ID NO:25). The PCR 
reactions were performed as described in Example 3, and the resulting 244 bp PCR 
products (SEQ ID NOS:20-23) for types la, lb, 2c and 3a, respectively) were 
purified using "High Pure PCR Product Purification Kit" (Boehringer Mannheim) 
• and eluted in dH 2 0 according to the manufacturer's instructions. The same amount 
of DNA was used for each sample in the capture assay. 

The hybridization analyses were similar to these described in previous 
examples. For each test, a hybridization mixture was assembled containing 20 
fmoles of heat-denatured, 244 bp HCV PCR product, 1 pmole each of the 
fluorescein-labeled bridge oligonucleotides and the ligation oligonucleotide probe 
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depicted in Figure 24 (V "a," and "f\ SEQ ID NO:53, 52, and 62, respectively), 
and 0.01 mg/ml tRNA, in 100 ^l of a solution of 0.2% acetylated BSA, 4.5X 
SSPE. After incubating the mixture at room temperature for 30 min., the mixtures 
were transferred into wells of a streptavidin-coated 96-well plate (Boehringer 

5 Mannheim) and incubated at room temperature for 30 min. The plate was then 

washed three times with IX PBS, with 0.01% Tween®-20 non-ionic detergent, 
containing 0.2% I-Block (Tropix, Bedford, MA). A 1:5000 dilution of 0.75 u/ml 
anti-fluorescein antibody conjugated with alkaline-phosphatase in 0.2% I-block 
buffer was added to each well. After 20 min at room temperature, the plate was 

10 washed three times with TBS (25 mM Tris-Cl, 0.15 M NaCl, pH 7.2). One 

hundred microliters of Attophos® fluorescent substrate (JBL) was added to each 
well and the plate was incubated at room temperature for 1 hour before 
fluorescence readings were taken using a Perkin-Elmer Cytofluor-4000 set to excite 
at 450/50 nm and to and detect emission at 580/50 nm. Each assay was 

15 performed in duplicate, and the standard deviation is represented by the black bar 

at the top of each column in Figure 25. In this Figure, the fluorescence intensity is 
indicated in arbitrary fluorescence units, shown on the left side of each chart panel. 
The probes included in each; capture reaction are indicated below each graph - 
column. A control probe not shown in the schematic diagram ("49-3 M ; 5' Fl - 

20 GCGAAAGGCCTTGTGG; SEQ ID NO:66) that hybridizes to all HCV variants 

was used with each target to verify the presence and amount of DNA in each 
reaction. The leftmost column in each panel shows the signal from the control 
reaction. 

In addition, a comparison of bridging and non-bridging oligonucleotides for 
25 HCV capture was conducted. It can be seen by comparing the signals from the "a" 

(non-bridging) and "b" probes (SEQ ID NO:52 and 53, respectively), that the 
bridge oligonucleotide , having only 8 nts of uninterrupted complementarity to the 
target, binds to the targets with nearly the same affinity as the 18 nt, fully 
complementary oligonucleotide, demonstrating the efficacy of the bridge design. 
30 Each of the oligonucleotides binds most strongly to HCV type la, slightly less 

efficiently to types lb and 2a/c, and not very strongly to type 3a. The degree to 
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which this differential binding is out of proportion to variations seen with the 
control oligonucleotide, particularly evident with type 3a, further illustrated the 
ability of these probes to differentiate types based on folding of the target nucleic 
acid. 

Effect of a neighboring oligonucleotide on the bridge binding signal. The 
Probe "g M (SEQ ID NO:60), a probe used in an Invader™ cleavage assay and 
diagrammed in Figure 29, was included because it has the same target- 
complementary sequence as the "f probe (SEQ ID NO:62), but it also has a 5' 
fluorescein label to allow it to serve as a capture probe, whereas T ' does not, 
because it is intended for ligation. The "g" probe (SEQ ID NO:60) also comprises 
a short 5' tail of 4 T residues that are not included in "f (SEQ ID NO:62). While 
not identical in composition, the capture signal from "g" (SEQ ID NO:60) should 
be a good indicator of the strength of the interaction between the HCV targets and 
the "f* (SEQ ID NO:62) oligonucleotide. The base signal from each of the capture 
oligonucleotides (columns marked underneath as M b M and "a"), and the effect of the 
addition of a neighboring oligonucleotide can be seen by examining the signal in 
reactions that included the ligation probe "f 1 (SEQ ID NQ:62), , It can be seen by 
comparing "a" to/Wf* .that the presence of the second oligonucleotide has little or 
no effect on the capture of these HCV targets with the non-bridging "a" probe, 
(SEQ ID NO:52). In contrast, in all cases the addition of the "f* oligonucleotide 
(SEQ ID NO:62) substantially increases the binding by the bridging "b" (SEQ ID 
NO:53) oligonucleotide. Because "f ' (SEQ ID NO:62) is unlabeled and does not 
contribute to either the plate binding or the signal generation, the additional signal 
seen in these columns must come from increased binding of "b" (SEQ ID NO:53). 
This increased stability of binding using a flanking oligonucleotide may be used to 
enhance the performance of the bridge oligonucleotides in capturing all types of a 
target. Conversely, the increased stability must be considered in the design of the 
bridge oligonucleotides only if the goal is to create a system that is maximally 
sensitive to subtle structural changes, as described in Example 7. When maximum 
discrimination is desired in an assay that requires the binding of an adjacent 
oligonucleotide, it may be desirable to shorten or otherwise reduce the stability of 
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the contact segment of the bridge that is nearest to the neighboring oligonucleotide. 
Common methods of reducing oligonucleotide binding affinity , such as through the 
use of base analogs or mismatches are well known in the art. 

EXAMPLE 11 

Target Dependent Ligation Of A Bridging Oligonucleotide 
To An Adjacent Oligonucleotide. 

To examine the mismatch effect on the ligation between a bridging 
oligonucleotide and the ligation oligonucleotides, a linear (i.e., non- folded) 
oligonucleotide target having appropriately oriented regions of complementarity 
was synthesized for use as a control target (SEQ ID NO:63)(/.e., to examineAthe 
effect of ligation in the presence of a stem). This control target aligned with the 
ligation and bridging oligonucleotides is depicted in Figure 26. The PCR 
conditions to prepare 244 bp ds HCV target DNA were the same as described 
above. ■• ...... - 

Each ligation reaction contained 200 fmole of the target DNA, 1 pmole each 
of the bridging and ligation oligonucleotides, 100 units of Ampli-ligase® - ■ 
(Epicenter) in 10 jil of IX Ampli-ligase® buffer (Epicenter). A control reaction 
was performed without target DNA. Reactions were assembled with all 
components except the enzyme and the enzyme buffer, heated to 95°C for 3 
minutes, then cooled to the reaction temperature of 45°C. The ligation reactions 
were started with the addition of the enzyme and the enzyme buffer, and incubated 
for 1 hour. The reactions were terminated by the addition of 4 jil of 95% 
formamide with 10 mM EDTA and 0.02% Methyl Violet. The products were 
heated at 90°C for 1 minute, and aliquots were resolved by electrophoresis through 
15% denaturing poiyacrylamide gel (19:1 cross link) with 7 M urea in a buffer of 
45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was visualized using the 
M.D. Scanner (Molecular Dynamics, Sunnyvale, CA). The resulting image is 
shown in the panel of Figure 27. The sizes in nucleotides of each band is indicated 
on the left side of the panel. 
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The labeled, unreacted probes are visible as either an 18 nt band (a-d; i.e., 
probes corresponding to SEQ ID NOS:52, 53, 57, and 58) or an 8 nt band (e; i.e., 
probe corresponding to SEQ ID NO:59). The product of ligation between 
oligonucleotide "f ' (SEQ ID NO:62) and bridge probes "a" through V (SEQ ID 
NOS:52, 53, and 57, respectively), is visible as a 33 nt band near the top of the 
panel, while the product of ligation between T (SEQ ID NO:62) and V (SEQ ID 
NO:59) is indicated as a 23 nt band. It can be seen from these data that all of the 
bridge oligonucleotides are able to use the folded target at a template to correctly 
align for ligation. The efficiency of the ligation can be assessed by comparing the 
product intensity in each lane to the intensity from ligation of the non-bridging 
oligonucleotide V (SEQ ID NO:52). Probe M b" (SEQ ID NO:53), which is fully 
complementary in both contact sequences shows the strongest signal on the HCV 
type la, which is consistent with the binding seen in the capture tests of these 
oligonucleotides. The ligation of the shortest oligonucleotide, V (SEQ ID NO:59) 
shows that even an 8 nt probe is sufficiently stable in this assay to be ligated at 
some level. The least amount of ligation is seen with the bridge probe having the 
mismatch closest to the site of ligation, reflecting a decrease in hybridization for 
this portion of the oligonucleotide or a decrease in activity of the ligase enzyme 
near a mismatch, or a combination of these effects. 

; - ' As described above for the primer extension of the bridging oligonucleotide, 
at elevated ligation temperatures the folded structures denature, reducing the 
binding efficiency of the bridging oligonucleotide relative to the non-bridging 
oligonucleotide. To examine this effect in a ligation reaction, and to examine the 
effect of the folding on the discrimination of the amplicons by HCV type, 
additional experiments were performed on all four amplicon types, at a range of 
temperatures. Because the thermostable ligase activity intended for use under high- 
stringency conditions (e.g., at temperatures above about 45°C), T4 DNA ligase, 
commonly used at 10 to 30°C, was used in the ligations performed at lower 
temperature. 
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Each ligation reaction contained 200 fmole of the target DNA, 1 pmole of 
the fluorescein-labeled bridge oligonucleotide, 1 pmole of the ligation 
oligonucleotide and 3 units of T4 Ligase (Promega) in 10 |il of IX T4 Ligase® 
buffer (Promega). Reactions were assembled with all components except the 
enzyme and the concentrated enzyme buffer, heated to 95°C for 3 minutes, then 
cooled to the reaction temperature of either 25°C or 45°C. The ligation reactions 
were started by the addition of the enzyme and the concentrated buffer to bring 
each of those components to the final concentrations listed above, and incubated for 
1 hour. The reactions were terminated by the addition of 4 \x\ of 95% formamide 
with 10 mM EDTA and 0.02% Methyl Violet The products were heated at 90°C 
for 1 minute, and aliquots were resolved by electrophoresis through 15% denaturing 
polyacrylamide (19:1 cross link) with 7 M urea in a buffer of 45 mM Tris-Borate, 
pH 8.3, 1.4 mM EDTA. The gel was visualized using the M.D. Scanner 
(Molecular Dynamics, Sunnyvale, CA). The resulting image is shown in the panel 
of Figure 28. The reaction temperatures are indicated at the top of the panel, and 
the control reactions lacking the ligase enzyme are indicated. The labeled, . 
unreacted probes are visible as an 18 nt band . The product of ligation is visible 
as a 33 nt band near the top of the panel *v.:i.o-j:i-.» v. ...« k r; 

Examination of the product bands at the two temperatures confirms the 
expected increase in discrimination at the lower temperature. The signals from the 
la and lb types are very similar, while the signals from 2a/c and 3a are much 
lower. While the 3a result is consistent with the capture data using the 
combination of the "b" and T probes (SEQ ID NO:53 and 62, respectively) shown 
in Figure 25, the signal from 2a/c is relatively lower than in the capture. Without 
limitation to any particular mechanism, this effect may be attributable to the 
substrate specificity of the ligase at this temperature (e.g., the assumed structure 
may have a loop or bulge situated in a manner that inhibits the enzyme). 
Nonetheless, this example demonstrates that these viral types may be distinguished 
using ligation reactions performed under non-stringent conditions. At slightly 
elevated temperature, the product bands are of approximately equal, and stronger 
intensity. The uniformity of the signal may be attributed to the partial or complete 
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disruption of the structure at this temperature. It was observed in the Figure 27 
that even the 8 nt "e M (SEQ ID NO:59) control molecule could be efficiently 
ligated to the "f 1 ligation oligonucleotide (SEQ ID NO:62) on the linear synthetic 
target ("ST."; SEQ ID NO:63). This indicates that the ligase can join rather short 
oligonucleotides, even at temperatures above their estimated Tm. As the structure 
is unfolded in the 45°C reaction in Figure 28, the bridging oligonucleotide may be 
participating in the ligation in this manner (i.e., only its 3' end is binding), 
eliminating the ability to discriminate between types under these conditions. The 
strength of the signal may reflect increased activity of the enzyme at this 
temperature, the preference for the enzyme for this structure over the bridge 
conformation, or a combination of these or other factors. 

The ligation under the lower temperature conditions demonstrates that 
bridging oligonucleotides can be used to identify folded target molecules in this 
type of a reaction. Since the contact sequence on the 3' terminus of the bridging 
oligonucleotides of these examples is clearly stabilized in these reactions (/.&, a 
mismatch in this portion, as in oligonucleotide V (SEQ ID NO:57), has less effect 
on the .bridge activity of the probe than in the capture, primer extension and 
cleavage assays shown in other examples) it may be desirable to provide a less : 
stable contact sequence : in this region. Means for reducing oligonucleotide Tm are 
well known in the art, and a few methods are discussed above, in the context of 
PCR primer design. 

Just as the conditions for bridge oligonucleotide primer extension can be 
adapted to the polymerase chain reaction for amplification of signal, the ligation of 
the bridge oligonucleotides can be adapted to the ligase chain reaction. The target- 
specific ligation event can be viewed as creating a unique molecule to be detected, 
even if the ligation point in not centered, as it is in the LCR. Two possible 
configurations are depicted schematically in Figure 35. In all panels of this Figure, 
the ligation junction is represented by a carat point on the ligated nucleic acid. In 
the first panel, Figure 35a, the bridging oligonucleotide would be extended by 
addition of a short sequence, such as a hexamer or an octamer. Ligation of short 
oligonucleotides that are stabilized by coaxial stacking is known in the art 
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(Kaczorowski and Szybalski, Gene 179:189 [1996 ]), and is demonstrated by 
ligation of the V oligonucleotides (SEQ ID NO:59) shown in Figure 27. The 
configuration shown in 35b instead shows the ligation of two longer probes, each 
of which bridges in a structure. It is contemplated that other configurations within 
5 the scope of the present invention would be apparent to those skilled in the art, 

including but not limited to ligation of a non-bridging oligonucleotide to the 5' end 
of a bridging oligonucleotide, or ligation of more that two oligonucleotides 
assembled on a single folded target. 

In each of the embodiments and configurations listed above, the ligation 

10 event would create a unique contiguous sequence not found in the target nucleic 

acid. This unique sequence may then itself be detected by a number of means, 
including, but not limited to the ligase chain reaction. Practice of the ligase^chain 
reaction for the detection of specific sequences is well known in the art, and the 
means of adapting the bridging ligation to this amplification method are easily 

15 ascertainable from the literature (See e.g., Barany, PCR Meth. App. 1:5 [1991], and 

U.S. Patent No. 5,494,810, herein incorporated by reference). The bridging - 
oligonucleotides may also be used in modified LCR assays, such as gap-filling ■ 
LCR (See e.g., U.S; Patent No. 5,427,930, herein incorporated by reference), or 
other variants of the method. By combining the bridging oligonucleotides of the 

20 present invention with the ligase chain reaction an investigator can derive the 

benefits of structure characterization discussed above, but performed directly on 
samples of interest, without intervening culture or PCR amplification. 

EXAMPLE 12 

25 Target Dependent Cleavage Of A Probe, 

Directed By An Invasive Bridging Oligonucleotide 

The previous examples demonstrated the ability of the bridging 
oligonucleotides to serve as substrate in reactions that produced a maximum of one 
30 event for each copy of a folded target. There are many applications based on the 

use of oligonucleotides in which the reactions are configured to nroduce manv 



- 142 - 



J • ) 

WO 98/50403 PCT/US98/03 1 94 

signals for each copy of a target nucleic acid. Such reactions include, but are not 
limited to ligase chain reaction, polymerase chain reaction, cycle sequencing, and 
nuclease detection assays such as the cycling probe reaction. We show here that 
such reactions can be configured to make use of noncontiguous probe binding. The 
use of bridging probes may in some embodiments allow the kind of structure-based 
typing described above to be used in a reaction that can also amplify the signal 
from the target. It is also well known that even single-stranded nucleic acid targets 
can fold such that very little sequence is actually available for probe binding for 
detection or for antisense applications. The ability of probes to bind to non- 
contiguous sites facilitates the design of probes that interact only with the outer 
surface of the target nucleic acid, thus allowing detection or typing of targets that 
could not previously be characterized by hybridization methods. 

The Invader™ reaction involves the contacting of a target nucleic acid with 
a pair of oligonucleotides to create a cleavage structure as described above. The 
signal probes can leave the structure after cleavage, to be replaced by an uncleaved 
copy^ thus starting the cycle again, and allowing each target to create many copies 
of the cleaved probe during the course of the reaction. The probes iand targets used 
for: this assay are diagrammed in Figure 29 A, 29B and 31; The effects of the ; 
signal probe ("g"; SEQ ID NO:60) on the stability of the bridge oligonucleotides 
was described in Example 9. • > ! ; ^ - : r^no;?^ 

In the experiments in this Example, all invasive cleavage reactions included 
a mixture of 10 fmole of either the 244 bp target DNA or the synthetic linear 
target, 10 pmole each of a fluorescein-labeled bridge oligonucleotide and the 
fluorescein-labeled probe ("g" or 'V SEQ ID:60 or 61), 10 mM MOPS, 7.5 mM 
MgC12, 20 ng of the 5' nuclease AfuFENl (Le. t a FEN1 from Archaeoglobus 
fulgidus, PCT/US97/21783, herein incorporated herein by reference), and water to a 
final volume of 10 pi Reactions were assembled with all components except the 
enzyme and 7.5 mM MgCl 2 , heated to 95°C for 2 minutes. The reactions were 
then cooled to the indicated reaction temperatures, started with the addition of 
enzyme and 7.5 mM MgCl 2 , and incubated for 1 hour. The reactions were then 
terminated by the addition of 10 pi of 95% formamide with 10 mM EDTA and 
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0.02% Methyl Violet. The products were heated at 90°C for 1 minute, and aliquots 
were resolved by electrophoresis through 20% denaturing polyacrylamide gel (19:1 
cross link) with 7 M urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM 
EDTA. The gel was visualized using the M.D. Scanner (Molecular Dynamics, 
Sunnyvale, CA). 

The first assay tested the ability of both the HCV variants and a synthetic 
non-folded target to serve as a target in this assay. All reactions used the "g" 
signal probe (SEQ ID NO:60), and were incubated at 55°C. The resulting image is 
shown in Figure 30. The type target DNA and the bridging probe used in each 
assay are identified above each line. In this Figure, the unreacted probes are 
indicated with arrows and their letters to the left of the panel, in addition, the 4-nt 
product of the cleavage is also indicated by arrow. 

Examination of the intensity of the 4 nt band in each lane shows that on 
each type of folded target (la, lb, 2a/c and 3a) the bridging probe "b" (SEQ ID 
NO:53) performed nearly as well as the linear probe "a" (SEQ ID NO:52) at 
directing cleavage of the signal probe "g" (SEQ ID NO:60). In contrast, the 
bridging probes either having a mismatch in one contact sequence (V and "d"; 
SEQ ID NOS:57 and 58) or missing one contact sequence (V; SEQ ID NO:59) 
were not able to complete the cleavage structure to any significant extent This 
demonstrates not only that a bridging oligonucleotide haying no more than 8 bases 
of contiguous complementarity in any contact sequence can nonetheless specifically 
detect this HCV sequence, it also shows that both of the contact sequences in the 
probe are important to this function. 

The signal generated from the non-folded synthetic target shown the 
maximum product yield that can be expected from these probes when essentially 
perfectly bound. As expected based on previous experiments conducted during the 
development of the present invention, the signal is stronger, although not 
astoundingly so. Also as expected based on previous experiments conducted during 
the development of the present invention, the half molecule, which does not cross a 
structure on the folded target, does not improve much in performance when the 
structure is removed, while the non bridging probe performance is decreased 
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because has a number of mismatches to this target (See, Figure 29B). 

As described above for the primer extension and ligation of the bridging 
oligonucleotides, at elevated temperatures the folded structures denature, reducing 
the binding efficiency of the bridging oligonucleotide relative to the non-bridging 
oligonucleotide. To examine this effect in an Invader™ reaction, additional 
experiments were performed at a range of temperatures. Because the Invader™ 
assay is performed near the Tm of the signal probe to allow turnover without 
thermal cycling, a shorter probe molecule ("h"; SEQ ID NO:61) was made for use 
at the lower temperatures. This is shown schematically in Figure 31. The 
Invader™ reactions were performed as described above, using the bridging probe 
"b" (SEQ ID NO:53) and the V signal probe (SEQ ID NO:61), with incubations 
done at 30°, 35° and 40 °C. All four HCV amplicon types were tested. The 
resulting image is shown in the panel of Figure 32. The probes and targets used in 
each reaction, and the temperatures of the incubation are indicated above the panel. 
The arrow on the right indicate the unreacted probes by their letters, and the 4 nt 
cleavage product. The fluorescence, in arbitrary fluorescence units, measured for 
each of the 4 nt bands is shown below each lane; the same location in a no-probe 
reaction lane was counted to determine the background level (in parentheses); 
which was subtracted from the product count for each lane. 

Examination of these data show that while the "b" (SEQ ID NO:53) bridge 
functions in the invasive cleavage at all temperatures, the lower temperature 
reactions show a greater signal differential between the HCV type 3a lane and the 
other types. This is consistent with the data from the capture experiments 
described in Examples 8 and 10, showing that the 3a type amplicon does not have 
the same structure in this region as the other 3 types tested. This also demonstrates 
that discrimination of subtle sequence differences by this method is most easily 
done at temperatures that encourage folding in the target molecules. 

This is further supported by examination of the reactions data shown in 
Figure 33. This panel compares the signals generated at two temperatures, 55°C 
and 35°C, using the whole array of bridging and non-bridging probes, on a number 
of targets. The identities of the target DNAs and probes used in each reaction are 



- 145 - 



WO 98/50403 POYUS98/03194 

indicted above each lane, and the cleavage probes used are indicated below the 
lanes. The unreacted probes are indicated by arrows and their letters on either side 
of the panel, and arrows indicate the 4 nucleotide (nt) product of cleavage. The 
fluorescence, in arbitrary fluorescence units, measured for each of the 4 nt bands is 
shown below each lane; the same location in a no-probe reaction lane was counted 
to determine the background level (in parentheses), which was subtracted from the 
product count for each lane. 

The data shown in Figure 33 shows the same profile of detection signal for 
the HCV samples as in the previous example, and further demonstrated that the 
mismatched bridge probes (V and "d"; SEQ ID NO:57 and 58) and the half probe 
(V; SEQ ID NO:59) have limited function in this assay. Similarly, the probe is 
not detectably cleaved when the bridging oligonucleotide is altogether omitted: 
Furthermore, reactions using human genomic DNA in place of the HCV target 
exhibit no signal that can be seen above background, demonstrating the specificity 
of this assay in both "stringent 11 and M non-stringent H conditions. 

EXAMPLE 13 

Structure Analysis and Bridging Probe Binding to E)NA Derived From a Gene 
Associated With Antibiotic Resistance in Mycobacterium tuberculosis 

In the past decade there has been a tremendous resurgence in the incidence 
of tuberculosis in this country and throughout the world. Worldwide, the number 
of new cases reported annually is forecast to increase from 7.5 million in 1990 to 
10.2 million by the year 2000. An alarming feature of this resurgence in 
tuberculosis is the increasing numbers of patients presenting with strains of M. 
tuberculosis that are resistant to one or more anti-tuberculosis drugs {i.e., multi- 
drug resistant tuberculosis [MDR-TB]). 

Resistance to either or both of the antibiotics rifampin (rif) and isoniazid 
(inh) is the standard by which M. tuberculosis strains are judged to be multi-drug 
resistant. Both because of their potent bactericidal activities, and because 
acquisition of primary resistance to these drugs is rare (the spontaneous mutation 



- 146- 



WO 98/50403 PCT/US98/031 94 

rate of resistance to rifampin is approximately 10" 8 and to isoniazid, 10* 8 to 10' 9 ), 
until very recently, these two antibiotics were among the most powerful front-line 
drugs used to combat the advance and spread of tuberculosis. However surveys of 
tuberculosis patients in the U.S. reveal that as many as one-third were infected with 

5 strains resistant to one or more anti-tuberculosis drugs; greater than 25% of the M 

tuberculosis cultures isolated were resistant to isoniazid and 19% were resistant to 
both isoniazid and rifampin (Frieden et al, New Eng. J. Med. 328:521 [1993]). 
Resistance to rifampin is associated with mutation of the rpoB gene in M. 
tuberculosis. It has been shown that key mutations in this gene can be detected 

10 and identified using the CFLP® method of structure analysis, demonstrating that 

these mutations influence the folded conformations of these genes (Brow et al 9 J. 
Clin. Microbiol., 34:3129 [1996]; and PCT International Application No. 
PCT/US95/14673 [WO 96/15267]; co-pending Application Serial No. 08/484,956 
and 08/520,946). We therefore chose this gene as a model to demonstrate the 

15 process of identifying noncontiguous sequences that are brought into sufficiently 

close proximity by strand folding for interaction with bridging probes. ^ 

The Description of the Invention outlines a step-wise procedure for analysis 
of a target secondary structure and for the design of bridging probes to interact 
with any folded nucleic acid molecule. This process comprises the steps of: a) 

20 performing CFLP® analysis to identify nucleotides that are basepaired on the 5' 

sides of stems; b) using this partial basepair information as a "soft constraint" in a 
fold-prediction program such as mfold to produce schematic diagrams (or other 
suitable output) of possible folded conformations that are consistent with the 
CFLP® data; c) using PCR deletion and directed mutagenesis to confirm the 

25 identities of the nucleotides on the 3' sides of stems to which the 5' side 

nucleotides are hydrogen bonded; d) using this full basepair information as a "hard 
constraint" in the fold prediction program to produce a highly refined set of 
predicted structures; and e) designing and testing bridging probes that interact with 
the predicted stems. Depending on the complexity of the data generated at each 

30 step, one or more of steps (a) through (d) may be omitted in any particular 

application. As noted in the Description section, a number of physical analytical 
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methods may be combined with a number of secondary structure prediction 
algorithms to perform this type of analysis; the use CFLP® cleavage method in 
conjunction with the mfold software is discussed here as a convenient example and 
is not presented as a limitation on the scope of the present invention. 

To demonstrate the analysis on a non- viral target, DNA fragments were 
amplified from the rpoB gene of M tuberculosis. DNA extracted from M. 
tuberculosis culture was obtained from the CDC (Center for Disease Control, 
Atlanta, GA). Genomic DNA was prepared at the CDC using siliconized glass 
beads as described previously (Plikaytis et a/., J. Clin. Microbiol. 28:1913 [1990]). 
A 193-bp fragment of the rpoB gene (SEQ ID NO:69) was generated by PCR 
amplification of the genomic DNA sample using primers rpo 105 (forward) GGT 
GGA GGC GAT CAC ACC GCA GAC GT (SEQ ID NO:70) and rpo 273 
(reverse) GAC CTC CAG CCC GGC ACG CTC ACG T (SEQ ID NO:71). This 
fragment contains the 81-bp rifampin resistance region. This amplicon was cloned 
using the TOPO-TA cloning kit (K4550-40, Invitrogen, Carlsbad, CA). A 128 bp 
subfragment of the rpoB gene (SEQ ID NO:72) was amplified from the resulting 
plasmid using a TET-labeled forward primer with the sequence 5'- 
CGCCGCGATCAAGGAGTTCT-3' (SEQ ID NO:73) and a reverse primer with 
the sequence 5'-GCTCACGTGACAGACCGCCG-3' (SEQ ID NO:74). PCR 
reactions were done in a final volume of lOOjal, containing: 2 ng of genomic 
DNA, 35 pmoles of each primer, 50jiM of each deoxyribonucleotide (Perkin 
Elmer, Foster City, CA), IX PCR buffer (20mM Tris-HCl pH 8.5, 50 mM KC1, 
1.5 M MgCl 2 , 0.05% Tween 20, 0.05% NP40), 1M betaine, 5% DMSO, and 2.5 
units of Taq polymerase. PCR cycling conditions consisted of an initial 
denaturation at 95°C for 5 minutes, 30 cycles of denaturation at 94°C for 1 minute, 
annealing at 58°C for 1 minute, and extension at 72°C for 1 minute, with a final 7 
minute extension at 72°C. Following PCR amplification, the fragments were 
purified by treatment with Exonuclease I (United States biochemical, Cleveland, 
OH) at 37°C for 45 min, and followed with the High Pure PCR Product 
Purification Kit spin columns (Boehringer Mannheim, Indianapolis, IN). The 
purified products were quantified using the PicoGreen™ assay (Molecular 
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Dynamics, Eugene, OR) according to the manufacturers' recommended procedure. 
The same PCR procedure was used in the generation of the truncated and mutated 
amplicons described below; the forward primer was not varied, and the reverse and 
mismatch primers were one of the following (the primer names indicate the 

5 construct to be created): 75-121(reverse) TGACAGACCGCCGGGCCC (SEQ ID 

NO:75) to generate the 121 fragment (SEQ ID NO:76); 75-121 (mismatch) 
AGACAGACCGCCGGGCCC (SEQ ID NO:77) to generate the 121 mismatch 
fragment (SEQ ID NO:78); 57-119(reverse) ACAGACCGCCGGGCCCCA (SEQ 
ID NO:79) to generate the 119 fragment (SEQ ID NO:80); 57-119(mismatch) 

10 CCAGACCGCCGGGCCCCA (SEQ ID NO:81) to generate the 1 19 mismatch 

fragment. (SEQ ID NO:82); 53-11 8(reverse) CAGACCGCCGGGCCCCAG (SEQ 
ID NO:83) to generate the 118 fragment (SEQ ID NO:84); 53-118 (mismatch) 
GAGACCGCCGGGCCCCAG (SEQ ID NO:85) to generate the 118 mismatch 
fragment (SEQ ID NO:86); 62- Unreverse) CCGCCGGGCCCCAGCGCCGA 

15 (SEQ ID NO:87) to generate the 1 14 fragment (SEQ ID NO:88); 62-1 14(mismatch) 

GCGCCGGGCCCCAGCGCCGA (SEQ ID NO:89) to generate the 114 mismatch 
fragment (SEQ ID NO:90); 63-113(mismatch) CGGCCGGGCCCCAGCGCCGA 
(SEQ ID NO:91) to generate the 114 mismatch(113>fragment (SEQ ID NO:92); 
69-1 1 O(reverse) CGGGCCCCAGCGGCGACA (SEQ ID NO:93) to. generate the 

20 110 fragment (SEQ ID NO:94); 69-1 10(mismatch) AGGGCCCCAGCGCCGACA 

(SEQ ID NO:95) to generate the 1 10 mismatch fragment (SEQ ID NO:96); 78- 
106(reverse) CGCCAGCGCCGACAGTCG (SEQ ID NO:97) to generate the 106 
fragment (SEQ ID NO:98); 78-106(mismatch) TCCCAGCGCCGACAGTCG (SEQ 
ID NO:99) to generate the 106 mismatch fragment (SEQ ID NO: 100); 63- 

25 87(reverse) CGCTTGTGGGTCAACCCCGA (SEQ ID NO: 1 01) to generate the 87 

fragment (SEQ ID NO: 102); and 63-87(mismatch) 

AGCTTGTGGGTCAACCCCGA (SEQ ID NO: 103) to generate the 87 mismatch 
fragment (SEQ ID NO: 104). For all rpoB capture experiments the amplicons were 
labeled on the sense strand with biotin instead of TET. 
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CFLP scanning reactions were performed using 15ng (175 fmoles) of 
purified PCR product, diluted to a final volume of 15^1 with distilled water. 
Optimal CFLP conditions were determined as described previously. Briefly, 
matrices of three different reaction times (2, 4, and 6 minutes) and five 
5 temperatures (40, 45, 50, 55, and 60°C) were examined. Conditions were chosen as 

optimal yielded patterns with an approximately even distribution of long and short 
cleavage products. The diluted amplified fragments were denatured for 15 seconds 
at 95°C, cooled to the reaction temperature (50°C), and combined with 5(^1 of 
enzyme mixture so that the final 20jal volume contained: 25U of Cleavase I 

10 enzyme, 0.5mM MnCl 2 , ImM MgCl 2 and IX CFLP buffer (lOmM MOPS, pH 7.5, 

0.05% Tween 20, 0.05% NP40). Reactions were stopped after 4 minutes by the 
addition of 16^1 of stop buffer (95% formamide with 10 mM EDTA, pH 8.0? and 
0.02% methyl violet). The cleavage products were resolved on a 15% denaturing 
PAGE (19:1 crosslink) containing 7M urea in 0.5X TBE. The resulting pattern 

15 was visualized using a Hitachi FMBIO-100 fluorescence image analyzer, equipped 

with a 585 nm filter.. - o 

o The CFLP® analysis of the 128 nucleotide segment of rpoB identified key 
bands of 45, 53; 57, 62, 69, 75, 78, and 84 nucleotides in length, among others 
within the CFLP® pattern, as indicated in Figure 36. These major band positions 

20 were chosen for further, analysis. As described above, the specificity of the 

Cleavase® I enzyme dictates that these nucleotides are basepaired to some 
nucleotide downstream in the strand in the structure that is cleaved. 

Structure analysis of this amplicon using the mfold 2.3 software without any 
added constraints from the CFLP® pattern yielded only seven possible structures, 

25 Given the small number, manual analysis was sufficient to select from these 2 

variants that together accounted for the major cleavage products seen in Figure 36. 
The cleavage sites are indicated on structures shown in Figure 37A (structures 
generated used the hard constraints from PCR walking data, described below). 
The structure and cleavage analysis of the structure(s) contributing to the 

30 CFLP® band at position 62 are used here to demonstrate the next steps of the 

process. In both of the structures shown in Figure 37A, the C at nucleotide 62 is 
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indicated to basepair with a G at nucleotide 1 14. The stem formed between these 
positions is the same in both structures, and is reproduced at the top of Figure 3 8 A. 
One step in confirming the interaction between these bases is to create a truncated 
version of this strand in which nucleotide 1 14 is changed to prevent pairing with 

5 nucleotide 62, and examine the resulting CFLP® cleavage (this is termed "PCR 

walking" in this discussion). This is shown schematically as the variant number 2, 
the center structure at the bottom of Figure 37B. A control molecule that is 
similarly truncated, but that retains the putative 62/114 base pair is shown on the 
left as variant 1. The CFLP® patterns from these 2 molecules are shown in the gel 

10 image at the right of Figure 37B, with an arrow indicating the band at position 62. 

It can be seen by the data in the first lane that the CFLP® pattern gives a strong 
signal at position 62 in the truncated control, confirming that nucleotide 62 does 
not require any of the material downstream of nt 114 (deleted in this construct) to 
basepair. Analysis of the variant with the disrupted basepair in lane 2 shows that 

15 removal of the 62/1 14 basepair shifts cleavage by one position, to the 63/1 13 

basepair. Further variation to remove the 63/1 13 pairing; by changing nucleotide 
Hw . 113 as diagrammed in variant 3 on the right, nearly eliminates this short stem 
region, and eliminates this particular CFLP® band from the pattern altogether (lane 
: s • 3; the factors contributing to the slight residual signal at this position will be 

20 discussed below). This shows how the combination of truncation and mutation 

combined with CFLP® cleavage can be used to interrogate and confirm specific 
basepairs within predicted structures, thereby allowing their use as "hard 
constraints" in further computer-based modeling. The structures shown in Figure 
37A were generated using the hard constraints determined by such PCR walking. 

25 It is not required that further computer analysis be done before bridging probes are 

designed. If desired, bridge probes may be designed on the strength of the PCR 
walking data. 

Based on the data shown in Figure 37B, several bridging probes were 
designed to span the base of this stem. For all rpoB capture experiments, the 
30 amplicons were labeled on the sense strand with biotin instead of TET. In these 

capture analyses, the capture probes were bound to the target DNAs in solution and 
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then the complexes were immobilized on a solid support, as described in Example 
8. For each assay, a hybridization mixture was assembled containing 20 fmols of a 
biotin-labeled test molecule, 1.5 pmole of a fluorescein-labeled capture probe, 10 
jxg/mi tRNA, and 0.2% acetylated BSA, in 150 \x\ of 4.5X SSPE. The mixture was 
incubated at room temperature for 30 min. 

Aliquots (100 \x\) of the mixtures were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 20 min. The plate was then washed three times with TBS (25 mM 
Tris-Cl, 0.15 M NaCl, pH 7.2) with 0.01% Tween®-20 non-ionic detergent. Then, 
100 ^1 of a 1:5000 dilution of 0.75 u/ml anti-fluorescein antibody conjugated with 
alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added to 
each well. After 20 minutes at room temperature, the plate was washed three times 
with TBS with 0.01% Tweeri®-20. Then, 100 nl of Attophos fluorescent substrate 
(JBL, San Louis Obisbo, CA> were added to each well and the plate was incubated 
at 37°C for 1 hour, before fluorescence readings were taken using a Perkin-Elmer 
CytofluoMOOO set to excite at 450/50 nm and to and detect emission at 580/50 
nm; Each assay was performed in duplicate with the standard deviation represented 
n by-the black bar at the. top of each column in each graph. > ^ 

The oligonucleotides designed to bind this stem are shown schematically in 
Figure 37C, aligned with the 62/114 structure. Several different approaches were 
used to link the contact sequences, including direct linkage without a spacer (shown 
as a gap in oligonucleotide 62-1 14b; SEQ ID NO: 105), several different 
dinucleotides, as shown (62-1 14a [SEQ ID NO:106]; 62-1 14c [SEQ ID NO:107]; 
62-114d [SEQ ID NO:108]), or d-spacers (62-1 14e [SEQ ID NO:109]) (Glen; 
Research Corp. (Sterling, VA)), indicated as "D"s, using one D for each spacer 
group (i.e., DD indicates two such spacers used in sequence). 

The efficacy of these probes in binding the folded target is shown 
graphically at the bottom of Figure 37C The letters below each bar indicate the 
identity of the space, with "NS" indicating no spacer. The capture reactions were 
performed as described above, and the numbers at the left of the panel indicate the 
fluorescence measured from the captured target DNA/probe complex, shown as a 
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percentage of the signal measured when the same amplicons capture a linear 
(nonbridging) control oligonucleotide 5'-FL TCC TTG ATC GCG G-3' (SEQ ID 
NO: 123). It can be seen from these data that a combination of CFLP , computer 
fold modeling, and PCR walking can be used to successfully design probes capable 

5 of binding to non-contiguous sites on the target molecule. Bridge probes having 

the "TT" spacer and mismatches to the target within either contact sequence, 
similar to those demonstrated in the bridge probes in Example 7, show very little 
binding to the rpoB DNA (signal equal to no-target background; data not shown), 
confirming that interaction of both contact sequences is necessary. 

10 In selection of a probe to span this structure, some spacers show better 

performance than others. While the binding performance of the probes in Figure 
37C is well above background, it is possible that a different spacer might enhance 
binding without changing the contact sequences. Similarly, different spacers may 
perform differently in the enzymatic reactions described in Examples 9-11. If 

IS finding the optimal spacer is desired for any given application of these bridging 

probes, a more comprehensive comparison may be performed. For example, a 
simple, yet broad test would be to assess all possible dinucleotide arrangements, 16 
possibilities in all, in addition to the no spacer and non-nucleotide spacer options. 
While other lengths of contact sequence may be used, the use of contact sequences 

20 of eight nucleotides on either side of the stem is convenient for a first test and 

gives a reasonable probability of success. If desired, shorter contact sequences may 
be tried, either in the first test or after an optimal spacer arrangement has been 
identified. Given the ease and low cost of current methods of automated 
oligonucleotide synthesis, the creation of this number of test probes would not be 

25 burdensome. 

Similar approaches were used in the design of bridging probes to other 
predicted structures within the rpoB amplicon. Some of these structures are shown 
schematically in Figures 38A, 38B, and 38C For comparison, the 62-114 structure 
with oligonucleotide 62-114 (a) (SEQ ID NO: 106) is reproduced in Figure 38C. In 

30 each of these figures the base pair analyzed by CFLP®, PCR walking, and folding 

predictions is at the base of the depicted stem, and the nucleotide positions 
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measured from the 5' end of the DNA fragment are indicated by arrows. The 
corresponding bridging probes (53-118(cg) [SEQ ID NO:110]; 69-110(cg) [SEQ ID 
NO:lll]; 75-121(a)(ta) [SEQ ID NO:112]; 75-121(b)(ta) [SEQ ID NO:113]; 78- 
106(cg) [SEQ ID NO:114]; 63-87(gc) [SEQ ID NO:115]; 84-102(at) [SEQ ID 
5 NO:116]; 57-119(at) [SEQ ID NO:117]; 62-113 [SEQ ID NO:118]; and 62-98 

[SEQ ID NO:119]) are identified by these same basepair numbers (e.g., the probe 
designed to span the basepair formed between nucleotides 75 and 121 is termed 75- 
121). If two probes were targeted to the same basepair the probes are further 
distinguished by lower case letters (e.g., 75-121(a) and 75-121(b)). In the case of 

10 the 75-121 probes, the target material did not have a full 8 nucleotides 3' of the 

base of the structure, so a bridging probe having only 7 nucleotides at this position 
was created (75-121(a); SEQ ID NO:112). Because PCR products may include a 
non-templated "A" nucleotide at the 3' ends (shown in parentheses), a bridging 
probe have an extra "T" nucleotide was created. The presence of this basepair 

15 would extend this contact sequence duplex to 8 nucleotides. All probes were 

designed with two 8 nucleotide contact sequences (complementary to the target) 
flanking a 2 nucleotide spacer. Each of these three figures includes a graph of the 
fluorescence -signal measured after the solid support capture of each amplicon by 
the indicated probe. The numbers identifying the probes used in each capture test 

20 are indicated below each bar. The signal is shown a5 a percentage of the signal 

detected by binding of a linear (non-bridging) fully complementary probe. While 
some of these probes have poor binding properties (i.e., less than about 5% of the 
signal from the linear control oligonucleotide), these data further demonstrate the 
efficacy of this method at identifying non-contiguous target sequences that can be 

25 bound by a single bridging probe. 

As noted above, it is possible for several different structural conformers to 
contribute a single band in a CFLP® cleavage pattern. This means that the 
nucleotide upstream of the cleavage site can pair with several different downstream 
nucleotides at different times, or on different copies of the nucleic acid molecule in 

30 a population. Recalling PCR walking data from the investigation of the pairing 

partners for nucleotide 62 and 63 in the rpoB amplicon, shown in Figure 37B, it 
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was seen that there was residual cleavage at position 62 even when the preferred 
structure was disrupted by deletion and mutation in the amplicon. This indicates 
that there might be other, less favored folded conformations contributing to 
cleavage at this site. One way of looking for such alternative conformations is to 

5 carefully examine the less energetically favored structures predicted by a program 

such as mfold Such analysis was done to identify other regions to which 
nucleotides 62 and 63 might pair. The primary 62/114 structure and two less 
favorable variants are shown schematically in Figure 39. Bridging probes were 
designed to test the for the presence of each of these variant structures. These are 

10 shown schematically in Figures 40-42. 

It was recognized that representation of these alternative structures in the 
molecule populations, as measured by bridge probe binding, was likely to be 
influenced by the length of the target molecule by any one of a number of 
mechanisms, including but not limited to the following: longer molecules may 

15 have a more diverse population of possible structures, making any one sub-optimal 

structure a lower percentage of the signal; the additional sequences present may 
provide regions of complementarity that compete with the some portiort of the less 
favored structure, thereby reducing its presence in the population;; additional 
sequences may form additional stems that do not interact directly with the less 

20 favored structure, but that nonetheless inhibit probe binding by steric or other 

interactions. To investigate this effect the bridges designed to bind to the structures 
depicted in Figure 39 were tested using target molecules of several lengths. The 
full length (Le. 9 the 128-mer) amplicon (SEQ ID NO:72) allows the most favored 
structure shown in Figure 39(a) to form, and allows a full 8 nucleotides of contact 

25 with probe 62-114 on either side of the structure. Deletion of the target to 121 

nucleotides (SEQ ID NO:76) reduces the downstream contact of the 62-1 14 probe 
to 7 nucleotides, yet allows a full 8 nucleotides of hybridization for the 62-113 
probe designed to bind to variant 39(b). Binding of a probe to this structure would 
create a four way "Holliday" junction. Even though nucleotides 62 and 113 are not 

30 basepaired in this structure, this nomenclature is used for the probes oligonucleotide 

to reflect the positions of the contact sequences within the target strand. To 
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explore even less favored structures, the target was further truncated to 1 13 
nucleotides, eliminating regions complementary to both the 62-1 14 and 62-113 
probes. The substitution of a C for the wild-type G at position 1 13 ("1 13 MM", 
SEQ ID NO:92) causes mismatches in the basepairing of nucleotide 1 13 in both 
structures 39(a) and 39 (b), although with different putative pairing partners. 

Each of Figures 40, 41, and 42 includes a graph of the fluorescence signal 
measured after the solid support capture of each amplicon by the indicated probe. 
The numbers identifying the version of the target molecule used in each capture 
test are indicated below each bar. The signal is shown as a percentage of the 
signal detected by binding of a linear (non-bridging) fully complementary probe. 

The capture data in Figure 4 suggests that a structure bridging probe can bfc 
made to cross the base of a sequence capable of forming 2 hairpins. The increased 
in signal observed when the 121 nucleotide amplicon is targeted suggests that this 
truncation increases the percentage of the population that is adopting this 
conformation. The shorted variant, 113 MM, was not tested with this probe 
because one of the two contact sites on the target is deleted in this variant, so 
binding would not be expected. ^ n v ; 

A bridging probe designed to cross only one of the two stems of > r; 
conformation 39(b) was also designed (62-98, SEQ ID NO:119), and is shown 
schematically in Figure 41. With this probe the presence of the second, shorter 
stem in this conformation would be expected to weaken or block binding. The 
target variant having the M C" nucleotide at position 1 13 would have a less stable, 
shorter stem and would be expected to show more binding to this probe. The 
capture data with this probe demonstrates that the majority of the full length 
amplicon assumes a structure that does not allow binding of this probe. When the 
target is shortened to 121, more of the molecules fold, such that these binding 
sequences are accessible. Finally, when, the molecule is shortened to 1 13 
nucleotides and the alternative conformations are destabilized, the binding signal 
from the 62-98 bridging probe is over 80% of the signal from the non-bridging 
control, verifying that the percentage of the molecular population adopting this 
previously sub-optimal conformation has dramatically increased. 
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Another sub-optimal conformer is predicted in addition to that depicted in 
Figure 41. This other variant is shown schematically in Figure 42, and predicts 
basepairing between nucleotide 63 and nucleotide 87. Binding of the 63-87 probe 
(SEQ ID NO: 115) follows a profile similar to that observed with the 62-98 probe; 
this structure does not appear to form in a significant population of either the 128- 
mer or 121-mer target molecules. When the target is both shortened, and the 113 
"C M mutation is added, the binding at this site is markedly increased, yielding a 
signal about 13% of that from the non-bridging control. It is not surprising that it 
does not increase to the same extent as the 62-98 structure, because it represents an 
alternative conformer of the same molecule (the 113 MM target) and, absent any 
conformational shift actually promoted by the binding of the probe, the presence of 
the 62-98 structure would block binding of this probe. 

These data clearly show that distal sequences can have an effect on local 
structures, which is consistent with earlier observations (Brow, et al supra). The 
structure analysis method of the present invention provides a way of clearly 
identifying the regions of structural interaction. However, it is envisioned that this 
method has utility beyond the design and optimization of bridging probes. This 
type of structure analysis can also be used to improve the performance of other 
analysis methods based on structure. For example, some regions of genes are 
oi refractory to GFLP® and/or SSCP analysis because the mutations do not detectably 
alter the conformations of the folded target nucleic acids. In other applications a 
sites on a molecule that would be useful for hybridization (e.g., for detection, 
analysis, or antisense purposes) might be inaccessible due to strand folding. The 
knowledge gained in using the structure analysis method described herein allows 
selection of target materials or sites more amenable to these methods. For 
example, PCR primers used to generate the materials for the CFLP® and SSCP 
analysis may be relocated to eliminate undesirable structural interactions, or they 
may include mutations or extra sequences chosen to specifically alter the folding 
behavior of the material. PCR primers might include a region of complementarity 
to a selected part of the resulting amplicon strand, the sequestration of which would 
cause a site of interest to be disposed in a more desirable conformation {i.e., more 
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revealing of mutation or polymorphism, or more accessible to hybridization for 
other purposes). In another embodiment, undesirable structures may be disrupted 
by the provision of an additional hybridization probe. Clearly, such disrupting 
probes need not interact directly with, or adjacent to the site of interest; it is 

5 envisioned that binding of such disrupting probes may be at a far removed location 

from the site of interest. The only requirement is that the binding of the probe 
cause a favorable change in the conformation assumed by the nucleic acid of 
interest. Such effect may be fairly direct (e.g., by direct blocking of the formation 
of an undesirable structure) or may be indirect (e.g., by precipitating a chain of 

10 conformational shifts that ultimately result in the elimination of an undesirable 

structure). This latter embodiment, in which the disrupter sequence is not made to 
be a part of the same strand as the sequence of interest, would have particular 
application in antisense applications in vivo. 

15 EXAMPLE 14 

Bridging Oligonucleotides 

Using the structure analysis methods described above, new bridging 
oligonucleotides were designed for the target HCV 244bp DNA, which is the same 

20 target used before. One set of probes was designed to span a structure predicted to 

form with a base pair between 161 and 205 (Figure 43 A), while the other was 
designed to span a newly identified structure formed with the base pair between 33 
and 77 (Figure 43B). 

Three bridging oligonucleotides, shown as G161/C205(7), G33/C77 (7) and 

25 G33/C77 (8) (SEQ ID NOS:120,121, and 122, respectively), were used, and these 

had 7 or 8 nucleotides of complementarity, respectively, to each side of hairpins 
formed in the HCV targets, subtypes la, lb, 2a/c, and 3a (SEQ ID NOS:26-29). 
They were synthetically labeled with fluorescein at their 5' ends and purified by 
gel-electrophoresis. A hybridization mixture was assembled containing 10-20 fmols 

30 of a biotin-labeled test HCV amplicon, (prepared as described in Example 3, but 

using the biotinylated primer described in Example 8) 1,5 pmole of one of the 
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fluorescein-labeled capture probes, O.Olmg/ml tRNA and 0.2% acetylated BSA, in 
150 ^il of 4.5X SSPE. The mixture was incubated at room temperature for 30 
minutes. 

Aliquots (100 jil) of the mixtures were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 20 minutes. The plate was then washed three times with TBS (25 
mM Tris-Ci, 0.15 M NaCl, pH 7.2) with 0.01% Tween®-20 non-ionic detergent. 
Then, 100 jal of a 1:5000 dilution of 0.75 u/ml anti-fluorescein antibody conjugated 
with alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added 
to each well. After 20 minutes at room temperature, the plate was washed three 
times with TBS with 0.01% Tween®-20. Then, 100 }d of Attophos fluorescent 
substrate (JBL, San Louis Obisbo, CA) were added to each well and the plate was 
incubated at 37°C for 1 hour, before fluorescence readings were taken using a 
Perkin-Elmer Cytofluor-4000 set to excite at 450/50 nm and to and detect 
emission at 580/50 nm. Each assay was performed in duplicate with the standard 

- deviation represented by the black bar at the top of each column in the Figure 44A 
and 44B, the fluorescence intensity is indicated in arbitrary fluorescence units. 

t.r v These data show that the use of shorter contact sequences can.enhance the 
discriminating power of the structure probing of variants using bridge probes. The 

; d^ta frpm capture by the G33/C77 (8) probe (SEQ ID NO: 122), shown in Figure 
44A, can be compared to the center panel of Figure 44B, which shows the signals 
from the G33/C77 (7) probe (SEQ ID NO: 121). The latter probe binds the same 
structure as the former, but has only 7 nt of complementarity on either side of the 
spacer. Even though the total fluorescence signal is reduced, the use of shorter 
probe results in a greater difference in signal between the different HCV genotypes, 
allowing more accurate identification of these types. Similarly, the use of the 
G161/C205 (7) probe (SEQ ID NO:120) , which is similar to probe M b" (SEQ ID 
NO:53) described in Example 8 but is one nt shorter on either terminus, shows the 
same effect. Examination of the binding of "b M to the same four types of HCV, 
shown in figures 19 and 25 demonstrates that types la, lb and 2a/c produce similar 
amounts of signal compared to the non-bridging control shown in each panel; 3a 
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does not efficiently bind probe "b M . In comparison, the capture signals from the 
shorter probe G161/C205 (7), shown in the right hand panel of Figure 44B show 
much greater discrimination between the la, lb and 2a/c normalized signals, each 
being distinct from the others. These data demonstrate that the use of probes 
having shorter contact sequences can allow more sensitive distinction between the 
structures assumed by closely related nucleic acid molecules (i.e., those differing in 
sequence by only one or a few nucleotides). 

It is also clear from the above that the present invention provides methods 
for the analysis of secondary structure within nucleic acids, without the need for 
either electrophoretic separation of conformations or fragments or for elaborate and 
expensive methods of visualizing gels (e.g., darkroom supplies, blotting equipment 
or fluorescence imagers). The novel methods of the present invention allow the 
rapid identification of variants {e.g., mutations) within genes obtained from various 
organisms, including humans. 

; All publications and patents mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the described 
method and system of the invention will be apparent to those skilled in the art 
without departing from the scope and spirit of the invention. Although the 
invention has been described in connection with specific preferred embodiments, it 
should be understood that the invention as claimed should not be unduly limited to 
such specific embodiments. Indeed, various modifications of the described modes 
for carrying out the invention which are obvious to those skilled in molecular 
biology or related fields are intended to be within the scope of the following 
claims. 
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